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GREEN BUILDINGS: LEASE STRUCTURE, PRODUCTIVITY, 
AND REGIONAL ECONOMIC IMPACTS 
EUN KYU LEE 
ABSTRACT 
 
In an effort to apply the sustainability movement to the built environment, 
sustainable construction has gained substantial strength and momentum in global society.  
A growing body of literature reveals the positive effects of sustainable, or green, buildings 
in terms of real estate market premiums, energy cost savings, employee productivity, and 
regional economic growth.  In this context, my dissertation examines three research topics 
pertaining to sustainable buildings, and does so in three separate chapters.  
The first study discusses the effect of lease structure on the tenant’s willingness to 
pay for energy-efficient building features, and compares the tenant’s stated willingness to 
pay with the revealed rental value of those building features.  According to the statistical 
outputs from various regression models, the effect of Triple Net (NNN) lease on the 
tenant’s willingness to pay for energy-efficient building attributes is positive and 
statistically significant.  Specifically, the NNN tenants were 1.6 times more likely to have 
greater than or equal to the 2 percent willingness to pay than the Full Service Gross (FSG) 
tenant group. 
The second study examines the relationship between sustainable building features 
and employee productivity.  The findings indicate that 58 percent of the tenant respondents 
recognize that a building’s environment influences their productivity.  When it comes to 
individual features, the analysis reveals that those who are willing to pay more for better 
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access to daylight, improved indoor air quality, individual temperature control, and green 
(non-toxic) cleaning are more likely to agree with the proposition that workplace 
environments increase productivity. 
The third study finds an association between sustainable building projects and 
regional green economies.  The statistical results from the panel data regression analysis 
support my initial idea that the diffusion of green construction projects is positively 
associated with a metro area’s economic performance in term of the number of green jobs.  
However, the magnitude of the impact is still minimal.  
Although a growing body of literature has addressed various issues pertaining to 
green buildings, fewer studies have shed light on the role of green buildings in sustainable 
urban planning and development.  In this regard, my dissertation addresses the topic of 
green buildings within the urban studies context, by incorporating socio-economic, 
demographic, and political factors that affect green building practices. 
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CHAPTER I 
INTRODUCTION 
 
When defining urbanization as the growing number of people that live in urban 
areas, the speed of urbanization is still increasing rapidly worldwide.  According to the 
United Nations (2014), more than half of the world’s population lives in urban areas.  The 
global urban population is expected to reach approximately 70 percent by 2050.  North 
America is one of the most urbanized regions with 81 percent of its population living in 
urban areas in 2014 (United Nations, 2014).  Glaeser, Ponzetto, and Tobio (2012) examine 
county-level population changes and find that the U.S. population has had a strong 
tendency to move into dense urban areas across the country since the first census was taken 
in 1790. 
As the world has become less rural and increasingly urban, buildings have played 
an increasingly important role in human society.  U.S. buildings account for about 41 
percent of total U.S. energy consumption – greater than energy consumption from the 
transportation sector – and contribute 40 percent of the nation’s total carbon dioxide 
emissions (U.S. Department of Energy, 2012).  
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In terms of the number of buildings, nearly 4.9 million commercial buildings 
existed in 2013 in the U.S., containing 72 billion square feet of floor space (U.S. Energy 
Information Administration, Annual Energy Outlook, 2013).  The size of commercial 
building space is expected to increase by 33 percent over the next few decades, reaching 
109 billion square feet by 2040. 
As a response to the huge impact of buildings on society, there has been an effort 
to apply the sustainability paradigm to the built environment, which has resulted in the 
sustainable, or green, building movement. A growing number of newspaper articles, 
business reports, and academic journal papers have discussed sustainable building 
practices in both commercial and residential sectors. In academic fields, particularly in the 
field of Urban Studies, sustainable building studies are still in the preliminary stage of 
development, but the fields of research have gradually expanded by linking the concept of 
sustainable buildings with various urban issues, such as, energy efficiency and regional 
economic development. 
 
Focus of Dissertation 
Considering the literature on sustainable buildings, my dissertation addresses three 
research topics, and does so in three separate chapters.  The first study discusses the effect 
of lease structure on the tenant’s willingness to pay for energy-efficient building features, 
and compares the tenant’s stated willingness to pay with the revealed rental value of those 
building features. 
The second study asks the office tenant whether a building’s design and operation 
would affect their productivity.  If the tenant agrees with the assumption that the workspace 
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design and operation would affect their productivity, then this study identifies specifically 
which sustainable building features significantly affect their perception. 
Finally, the third study analyzes the association between sustainable building 
projects and regional green economies.  The analysis is based on the assumption that active 
sustainable building construction in a metro area may facilitate more rapid employment 
growth in green industries.  This study follows the definition of green industries created by 
the Bureau of Labor Statistics (BLS) and described in Chapter V. 
The potential benefits of sustainable buildings are broadly categorized into three 
sections: environmental, economic, and occupant.  My first and third study topics are 
related to the economic benefit, while the second study is related to the occupant benefit of 
sustainable buildings.  More specifically, the findings from the first study reveal that Triple 
Net (NNN) lease tenants have a greater willingness to pay for energy-efficient building 
features than those with a Full Service Gross (FSG) lease, as a NNN lease provides a 
financial benefit for the tenant by reducing operating expenses through energy-efficient 
building features. 
In the second study, 58 percent of the tenant survey respondents recognize that a 
building’s environment influences their productivity.  When it comes to individual features, 
statistical findings indicate that those who are willing to pay more for better access to 
daylight, improved indoor air quality, individual temperature control, and green (non-toxic) 
cleaning, are more likely to agree with the proposition that the workplace environment 
influences employee productivity. 
The third study employs panel data regression models to find the association 
between sustainable building projects and regional green economies.  Statistical results 
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support my initial idea that the diffusion of green construction projects is positively 
associated with a metro area’s economic performance in terms of the number of green jobs. 
Before going into the details of each study, the next chapter provides the general 
context of sustainable building studies, focusing on the link between the concept of 
sustainability and the sustainable building movement.  Chapter II is followed by three 
separate studies.  Each study follows the same format: (1) background and specific 
literature review on the corresponding research topic, (2) research questions and 
hypotheses, (3) data and methodology, (4) analysis and discussion, and (5) conclusions.  
The final chapter summarizes the main findings from each essay and concludes the study 
with a plan for future research. 
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CHAPTER II 
LITERATURE REVIEW 
 
As an effort to apply the sustainability movement to the built environment, 
sustainable construction has gained substantial strength and momentum in the global 
society.  To understand the broad context of the sustainable building movement, this 
chapter reviews the concept of sustainable development first, and then finds the 
relationship between the sustainability paradigm and the sustainable building movement.  
Although the literature review in this chapter is generally applicable to all three separate 
essays, more specific literature on each corresponding topic is reviewed in the individual 
chapters. 
 
2.1. Sustainable Development 
The general idea of sustainable building can be traced to the 1970s, when the energy 
crisis emerged as one of the most urgent social issues in the global society.  “The Limits to 
Growth,” a book written by Donella Meadows, et al. in 1972, initially sounded an alarm 
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on the global energy crisis through an elaborate computer simulation (Meadows, Meadows, 
Randers, & Behrens, 1972).  Since the 1970s, public knowledge and concerns of general 
environmental issues have grown (Bord, Fisher, & O'Connor, 1998, p. 75).  Dunlap and 
Van Liere (1978) and Milbrath (1984) explain that there was a world-wide revolution in 
public awareness of a new environmental paradigm that pursues the need for humans to 
live in harmony with nature and the balance between economic growth and environmental 
protection (Scott & Willits, 1994). 
The increasing public attention towards energy and environmental issues has 
affected the approach by urban planning.  Ian McHarg, one of the most influential 
advocates of planning for the built environment that is responsible to nature, wrote a book 
“Design with Nature” in 1969 which initially discussed environmental concerns in urban 
planning.  The main idea of his approach was that the shaping of the built environment 
should be based on the understanding of natural processes (McHarg, 1969).  McHarg’s 
idea has evolved into several urban planning philosophies including sustainable 
development. 
The basic concept of sustainable development emerged from the notion that the 
environmental crisis is inseparably linked with the economic crisis and can be resolved 
only through a revolutionary change in our understanding of the relationship between 
economic activities, the ecosystem, and our perception of nature (Korten, 1991).  From this 
point of view, sustainable development strategies emphasize that sustainable economic 
growth is key to achieving both agendas: economic growth and environmental protection. 
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Sustainable development has been defined in many ways, but the most frequently 
quoted definition is from Our Common Future, also known as the Brundtland Report 
(World Commission on Environment and Development, 1987): 
 
"Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.  It contains 
within it two key concepts: 
 the concept of needs, in particular the essential needs of the world's poor, to 
which overriding priority should be given; and 
 the idea of limitations imposed by the state of technology and social 
organization on the environment's ability to meet present and future needs." 
 
Based on the above definition, Berke and Manta (2000) developed six principles of 
sustainable development: (1) harmony with nature, (2) livable, built environment, (3) 
place-based economy, (4) equity, (5) polluters pay, and (6) responsible regionalism. 
In the context of urban planning, the idea of sustainable development pursues 
community development that is limited to its physical and biological environment.  
Additionally, the sustainable community is characterized as a vibrant public space with a 
rich cultural life and by sustainable cities that provide equal opportunities to all residents.  
The concept of equal opportunity includes various public services and facilities, such as 
health care, education, access to public transportation, and employment (Beatley & Brower, 
1993).  Maclaren (1996) describes urban sustainability as having several characteristics: 
(1) intra-generational equity (including social equity, geographical equity, and equity in 
governance), (2) protection of the natural environment (and living within its carrying 
capacity), (3) minimal use of non-renewable resources, (4) economic vitality and diversity, 
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(5) community self-reliance, (6) individual well-being, and (7) satisfaction of basic human 
needs. 
From the private company perspective, a business research survey on sustainability 
was conducted by Kiron, Kruschwitz, Haanaes, and Velken (2012).  The survey shows that 
about 67 percent of business respondents agree that sustainability is critical to being 
competitive in the market. The survey finding is relevant to the sustainable building 
movement in which many private companies consider locating offices in green-certified 
buildings as a way of considering their environmental and social responsibility in the form 
of corporate social responsibility (CSR). 
The role of sustainability has also increased in the real estate sector (Falkenbach, 
Lindholm, & Schleich, 2010).  As mentioned above, since the impact of buildings on the 
environment and energy consumption is huge, the real estate sector has an important role 
in pursuing sustainability in local areas.  In particular, Miller (2012) emphasizes that 
publicly-traded commercial tenants are the ones forcing more sustainable features in 
buildings and more efficient management. 
As Mega (1996) simply defines sustainable cities as a place trying to develop in 
order to meet the increasing environmental, economic, and social challenges (p. 153), the 
three dimensions of sustainable development can be applied to the triple bottom line of 
sustainable buildings. Figure 2.1 shows the triple bottom line of the sustainable building 
practice. 
 
  
9 
 
Figure 0.1. Triple Bottom Line of Sustainable Buildings 
 
Source: O’Mara and Bates (2012); Redrawn by author 
 
The basic concept of the triple bottom line was devised by Elkington (1999), and it 
consists of three Ps: Planet, People, and Profit.  The category “profit” is defined as 
economic values created by a sustainable building.  From the landlord perspective, the 
economic values are considered to be manifested in return to the investor’s financial bottom 
line.  From the tenant perspective, the economic benefits can be achieved by reduced 
operating expenses including utility costs.  In a broader context, the economic value of 
sustainable buildings also includes the potential effect on regional economies.  The 
category “people” is defined as benefits to occupants or tenants from sustainable building 
features.  For example, the benefits include the occupier’s satisfaction with their building 
environments and the increased employee productivity.  The category “planet” is defined 
as environmental benefits from sustainable buildings.  Collectively, the three dimensions 
are defined as the triple bottom line of sustainable buildings. 
A recent study conducted by Simons, et al. (2016) expands the traditional triple 
bottom line of sustainable buildings by considering who profits from energy cost savings.  
10 
 
Specifically, they propose a quadruple bottom line in which the traditional “profit” 
category is divided into two parts: (1) a tenant’s profit and (2) a landlord’s profit.  The 
discussion on the difference between a tenant’s and a landlord’s profit is particularly 
important to my first essay that examines the effect of lease structure on the value of 
energy-efficient building features from the tenant standpoint, as lease structure determines 
who benefits from energy cost savings between the tenant and landlord.  The next section 
specifically describes the sustainable building movement itself. 
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2.2. Sustainable Building Movement 
In the context of sustainability, the sustainable building practice has been widely 
adopted by both the public and private sectors over the past decade, worldwide.  In the 
United States, the federal government and many state and local governments lead the 
movement by offering financial incentives for green building, by establishing mandatory 
green building standards, and by locating government offices in green-certified buildings. 
The certification of green buildings has been driven by a wide variety of 
organizations around the world (Kebert, 2004).  In the United States, the U.S. Green 
Building Council (USGBC) has played an important role in developing green building 
practices by promulgating the Leadership in Energy and Environmental Design (LEED) 
standards. LEED is a well-known building rating system that verifies environmental 
performance of new and existing commercial, institutional, and residential buildings.  The 
Energy Star certification program was established by the U.S. Environmental Protection 
Agency in 1992 under the Clean Air Act.  The program provides a certification for 
consumer products, homes, buildings, and plants that are designed to perform with energy-
efficiency. 
At the federal level, President Obama announced in 2011 the Better Buildings 
Initiative intended to make commercial and industrial buildings 20 percent more energy 
efficient over the next 10 years, as well as to accelerate private-sector investment in energy 
efficiency. This initiative has encouraged state and local governments to adopt their own 
sustainable building policies, and has resulted in the rapid diffusion of green-certified 
buildings. 
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Currently, more than 20 percent of U.S. cities with populations greater than 50,000 
have their own green building programs, such as financial incentives and grants, and 
approximately 55 million people live in cities with green building programs (American 
Institute of Architects, 2009, p. 4). In a broader geographical context, twenty-four out of 
the twenty-five most populated U.S. metropolitan areas include cities with their own green 
building policies such as tax incentives and grants. The true number of green building-
supportive communities continues to increase nationwide. 
In the private sector, a growing number of companies are motivated to relocate into 
green-certified buildings for reasons that include marketing and public relations 
opportunities, additional property premiums, lower carbon footprints, and increased 
employee productivity (Kaplow, 2009). 
 
Sustainable Building Assessment Systems in Various Countries 
A large number of sustainable building rating systems are also developed in other 
countries, and the certification of those buildings has become common around the globe. 
According to the World Green Building Council based in Toronto, Canada, 89 countries 
have their own green building council and promote the sustainable building principles 
tailored to their regional context. 
Building Research Establishment Environmental Assessment Methodology 
(BREEAM) is one of the longest established sustainable building assessment and rating 
systems, developed in 1990 in the United Kingdom. BREEAM, like LEED, has expanded 
from its original focus on new building construction to the planning of sustainable 
communities including small towns. 
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Sustainable building principles are also well entrenched in many Asian countries. 
The Hong Kong Green Building Council recently developed an updated version of a 
building assessment system, Building Environmental Assessment Method (BEAM), in 
2012. BEAM specializes in high-rise buildings which is the main characteristic of 
residential and commercial buildings in Hong Kong (Burnett, 2004). Along with BEAM, 
the Hong Kong government launched the Building Energy Codes, and made the codes 
mandatory in both new construction and major renovation projects. 
Unlike most other countries, a green building certification program was developed 
by the central government in South Korea.  Since 2002, the South Korean government has 
enforced Green Building Certification Criteria for multi-unit residential buildings, mixed-
use dwellings, office buildings, and schools.  Although the program was initially launched 
by the central government, the Korean Green Building Council received its enforcement 
authority from the government and has managed the program. 
Although more than 80 countries have their own green building council and 
promote sustainable building principles tailored to their regional context, the World Green 
Building Council connects them to each other and provides practical support.  This 
phenomenon indicates that the growth of green buildings is not limited to one geographic 
region or economic state; rather it is spreading throughout the global construction 
marketplace (Bernstein, Russo, & Fitch, 2013).  The next section describes financial 
aspects of benefits pertaining to green buildings, as it is one of the most influential factors 
that drive the global green building market. 
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Financial Benefits from Green Buildings 
A large number of studies describe how sustainable buildings provide financial 
benefits through several mechanisms: low operating costs, employees’ improved 
productivity, tax credits, and buildings’ positive images (Fuerst & McAllister, 2011).  Kok, 
Miller, and Morris (2012) find that LEED-certified buildings have a 7.1 percent rental 
premium to non-certified buildings. Additionally, their study shows that when buildings 
have both LEED and Energy Star certifications their rental premium is even higher.  Fuerst 
and McAllister (2011) also examine the price differentials between LEED/Energy Star 
certified commercial buildings and noncertified buildings in the United States. Their 
analysis suggests a rental premium of 5 percent for LEED-certified buildings and 4 percent 
for Energy Star buildings. Furthermore, the same study finds a price premium of 25 percent 
for LEED buildings and 26 percent for Energy Star buildings with higher levels of 
certification providing a higher premium. Additionally, Wiley, et al. (2010) found a rental 
premium of 17 percent for LEED buildings and 8 percent for Energy Star-labeled buildings 
by conducting a two-stage simultaneous regression analysis. 
Many commercial building tenants also consider buildings as a space for 
publicizing their environmentally friendly visions.  In this regard, there have been studies 
that discuss corporate social responsibility (CSR) in terms of the social benefits from green 
buildings (Eichholtz, Kok, & Quigley, 2009).  Furthermore, office building developers, 
owners, and tenants have the opportunity to benefit from tax credits and/or deduction 
programs as well as subsidies (Fuerst & McAllister, 2011).  
However, whether owners or tenants benefit from green buildings depends on lease 
structures.  In other words, tenants may benefit from green buildings by reducing their 
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utility costs, based on a Triple Net lease structure in which tenants pay the net costs of 
utilities.  On the other hand, building owners may benefit from green buildings in the case 
of a Gross Net lease in which building owners pay all the utility costs. In this context, the 
first essay of my dissertation discusses the effect of lease structures on the tenant’s 
willingness to pay for financially-related sustainable building features including energy-
efficient heating, cooling, lighting, and water. 
In addition to the financial benefits of green buildings, Biblow (2009) discusses 
that sustainable buildings also have advantages for environmental benefits.  Particularly 
for the environmental aspect, LEED certification has evolved to include various 
environmental criteria such as sustainable resource management, water efficiency, carbon 
dioxide emissions, and indoor environmental quality.  In this context, a growing body of 
studies examines the financial, environmental, and occupant benefits of sustainable 
buildings.  
Furthermore, several studies examine the effect of public policies on the market 
penetration of green buildings.  Simons, Choi, and Simons (2009) point out that public 
policies affect the green building market in different ways.  For instance, their study finds 
that executive orders are a quicker method for encouraging green buildings, compared with 
legislation. 
 
Definition of Sustainable Buildings and Green Buildings 
 Sustainable buildings are often referred to as “green buildings,” and the two 
concepts are used as synonyms in earlier literature (Falkenbach, Lindholm, & Schleich, 
2010, p. 205).  However, the use of two terms “sustainable buildings” and “green buildings” 
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as synonyms may confuse some people.  For instance, real estate developers and landlords 
sometimes demand “sustainable” building features, such as better access to daylight and 
energy-efficient heating, cooling, ventilating, and air conditioning (HVAC) systems when 
they construct or renovate buildings.  However, that does not mean those buildings should 
be certified by LEED or Energy Star (Keeping, 2000).  According to a recent study 
conducted by Simons, Robinson, and Lee (working paper), a substantial number of 
commercial buildings perform green practices better than lower to medium scored LEED-
designated buildings. This example gives a rationael for specifiying the definition of 
sustainable or green buildings. Therefore, this study distinguishes green buildings from 
sustainable buildings. First, the “green buildings” are defined in this study as buildings that 
are certified by green building designation systems such as Leadership in Energy and 
Environmental Design (LEED) and Energy Star. 
Second, following the definition of the U.S. EPA, “sustainable buildings” are 
defined in this study as the practice of creating structures and using processes that are 
environmentally responsible and resource-efficient throughout a building's life-cycle from 
siting to design, construction, operation, maintenance, renovation and deconstruction. This 
practice expands and complements the classical building design concerns of economy, 
utility, durability, and comfort.  Appendix 1 provides the definitions of additional key terms 
that are used in my dissertation. 
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Market Equilibrium Theory 
From a microeconomic standpoint, Fuerst and McAllister (2011) provide 
theoretical backgrounds of the supply-side and demand-side dynamics of sustainable 
buildings.  They attempt to apply price equilibrium theory to the price effect of green-
certified buildings.  As shown in Figure 2.2, the basic assumption is that, as the demand 
for green-certified buildings increases, it will lead to an increase in their rents and/or prices.  
Three different types of buildings are represented in the figure: non-certified, low-level 
certified, and high-level certified.  When construction costs increase with green-
certifications (assuming higher certification level, more costs), supply curve is more 
inelastic compared to non-certified buildings because developers require increased prices 
(benefits) to offset the additional construction costs (Supply curve 1 → Supply curve 2 → 
Supply curve 3).  On the other side, demand curves shift upwards (Demand curve 1 → 
Demand curve 2 → Demand curve 3) as the tenant pays more for higher-level certified 
buildings.  These dynamics show that the two main factors (developers’ construction costs 
and tenants’ willingness to pay) determine the market prices (both rents and sales prices) 
of green buildings. 
Although there are additional factors that potentially affect the supply and demand 
side of green buildings, this figure shows that prices are the core mechanism for 
determining the relationship between suppliers and consumers of green buildings.  Those 
additional factors that are not considered in this figure include: technological advances in 
the green building industry, economies of scale, public policies that promote sustainability, 
and so on.  The next two sections describe the supply and demand side factors in detail. 
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Figure 2.2. Supply and Demand Curve in the Sustainable Building Market 
 
Source: Fuerst and McAllister (2011); Stiglitz (1988); Redrawn by author. 
 
Supply-Side Factors of Sustainable Buildings 
 The commercial real estate market is generally affected by several key supply-side 
factors, such as the current conditions of existing stock, rental or sales prices, and 
occupancy rates (Tse and Webb, 2003).  Sustainable building developers (supply-side 
players) expect higher rents, property values, and capital appreciation, as well as 
operational cost savings through sustainable building investments.  However, the supply-
side determinants may vary with regional markets and property types because individual 
buildings require their own sustainable building features (Lutzkendort and Lorenz, 2007).  
Additionally, green buildings are considered different from conventional buildings because 
they have a different set of technologies (e.g. energy efficiency) and human capital 
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(sustainable building experts and professionals) requirements.  For example, the USGBC 
offers LEED Professional Credential programs for those who have a thorough 
understanding of sustainable building-related techniques and environmental issues.  
Comprehensively, the supply of sustainable buildings is most likely to be driven by 
construction costs, other certified buildings’ price signals, the prices and availability of raw 
materials and human capital to construct green buildings, advances in green technologies, 
and government policies mandating energy efficiency (Kok, McGraw & Quigley, 2011; 
Chegut, Eichholtz, & Kok, 2014, p. 25). 
 
Demand-Side Factors of Sustainable Buildings 
Who wants sustainable buildings and why?  A large number of studies describe 
various kinds of demand factors of sustainable buildings.  Eichholtz, Kok, and Quigley 
(2010) explain how Corporate Social Responsibility (CSR) is related to the demand for 
sustainable buildings. The discussion is categorized into three concepts: competitiveness, 
reputation, and environmental responsibility.  First, competitiveness is closely related to 
the financial benefit of the organization.  Companies want to earn more profits by 
increasing their environmental performance.  The Konar and Cohen (2001) study shows 
the positive association between corporate environmental performance and corporate 
financial performance.  Additionally, a large number of studies show the rental and sale 
price premiums of green-labeled buildings (Wiley, et al., 2010; Fuerst & McAllister, 2011; 
Kok, Miller, & Morris, 2012).  The green-certified buildings also play an important role in 
reducing operating costs.  According to Kats (2003), LEED and/or Energy Star-certified 
buildings use, on average, 30 percent less energy than conventional buildings.  A Miller, 
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Pogue, Gough, and Davis (2009) study finds improved employee productivity in LEED 
office buildings.  In this context, sustainable buildings are considered by many companies 
as the agenda of corporate environmental strategies. 
Reputation is related to credibility with a company’s customers and stakeholders.   
For instance, the Deutsche Bank spent about $272 Million on a multi-year renovation 
project and has earned the LEED Platinum rating for its million-plus square foot Frankfurt 
Headquarter.  This building is well-known as one of the “greenest” corporate buildings in 
the world (Aster, 2010). Some empirical studies show that companies with highly 
developed environmental performance obtain better credit ratings, thereby lowering their 
debt costs (Bassen, Holz, & Schlange, 2006).  Companies also attract investors and 
customers by locating in green-certified buildings as this leads to an improvement of their 
corporate reputation. 
Environmental responsibility is related to the non-financial benefit from pursuing 
environmental-friendly policies and programs.  Non-profit organizations and government 
agencies may be more interested in this type of responsibility compared with for-profit 
organizations.  Recently, many government and non-profit organizations have been eager 
to publicize their green building policies and programs. 
 In terms of the type of industry, dominant users of green-certified buildings in the 
U.S. and U.K. are the financial service sectors, insurance sectors, legal services, advertising, 
national commercial banks, and particularly publicly-traded firms (Weaton, Torto, & 
Evans, 1997; Eichholtz, et al., 2011; Chegut, Eichholtz, and Kok, 2014). 
 
 
21 
 
Construction Costs of Building Green 
 Sustainable buildings generally cost more to construct compared with conventional 
buildings due to significantly higher costs of green materials and technologies (Yudelsonj, 
2008; Kibeert, 2008).  The concern about the higher construction costs of sustainable 
buildings has been one of the obstacles to the diffusion of those buildings.  According to a 
survey from the Hwang and Tan study (2012), the high premium cost associated with 
sustainable building construction is ranked first among the list of various obstacles 
encountered by building professionals and managers who manage a sustainable building 
project (p. 342).  Based on the survey, Hwang and Tan argue that the government should 
incentivize the adoption of sustainable construction, particularly in the initial stage of 
market penetration (p. 346). 
 In terms of the cost drivers of sustainable buildings, Yudelsonj (2008) explains that 
there is no perfect answer to the question “how much does a green building cost?” as it 
depends on various factors associated with green construction.  In this regard, Yudelsonj 
summarizes possible factors, which are called “cost drivers,” that may add cost to a green 
building project.  Those drivers are: (1) level of LEED certification, (2) state of a project 
when the decision is made to seek green certification, (3) project type (e.g. office buildings 
vs. science labs), (4) experience of green construction teams, (5) types of green 
technologies involved in a project, (6) priorities for green measures, and (7) geographic 
location and climate.  Among these seven drivers, the seventh factor is particularly related 
to the second essay of my dissertation, as the geographic location and climate can affect 
the office building tenant’s attitudes toward sustainable buildings.  Chapter IV describes 
the details of regional effects by testing corresponding hypotheses. 
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 However, Rehm and Ade (2013) point out that many studies on the cost of 
sustainable construction explore the perceived cost premiums (e.g. Park, Nagarajan, & 
Lockwood, 2008; Hwang & Tan, 2012) and theoretical issues rather than empirically 
testing for cost premiums (p. 199).  Additionally, Rehm and Ade explain that even though 
there are several studies that analyze the actual data of sustainable construction, those 
studies are not transparent in terms of methodology and statistics.  As a response to the 
limitation of study, Rehm and Ade conduct a cost-benefit analysis using the actual 
construction cost data for the green-certified office buildings analyzed in previous studies.  
Their analysis revealed that, on the whole, green buildings are not inherently more 
expensive than conventional buildings when considering the cost savings from sustainable 
building features such as energy efficient heating and cooling systems.  Along with this 
result, Bordass (2000) argues that market perceptions of higher green construction costs 
are unsubstantiated. 
 According to a study conducted by the Urban Green Council (2009) analyzing data 
from 107 construction projects in New York City, of which 63 pursued LEED certification, 
LEED projects cost $440 per square foot compared to $436 per square foot for non-LEED 
buildings.  The difference was less than 1 percent. 
 The Rehm and Ade study implies that the cost-benefit analysis of sustainable 
buildings should be addressed with the type of lease structure.  Since the majority of 
commercial buildings are multi-tenanted, the beneficiary of a sustainable building’s energy 
savings is determined by lease structure.  For instance, even though the building owner has 
funded the efficiency features, under a Triple Net lease, benefits flow to the tenants rather 
than the building owner because the tenants pay the energy costs based on the net amount 
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of consumption.  In this context, my first essay analyzes the effect of lease structure on the 
tenant’s willingness to pay for energy efficient building features. 
 
Summary of Literature Review 
In summary, this chapter reviewed the general literature on sustainable buildings in 
view of the relationship between the notion of sustainability and the sustainable building 
movement.  Additionally, this chapter addressed both demand and supply factors of 
sustainable buildings and discussed the cost-benefit issue of sustainable building projects.   
Although the literature review in this chapter is generally applicable to my three separate 
studies, more specific literature on each topic is reviewed in the following individual 
chapters.  Table 2-1 categorizes the highly cited studies reviewed in each study. 
Based on theories and findings from the studies included in the table below, I 
develop a research framework shown in Figure 2-2, in which my research questions and 
hypotheses are proposed.  Specifically, the framework presents the big picture of my 
dissertation by connecting concepts of sustainable buildings, assumptions, expectations, 
belief, and theories that support and inform the research (Maxwell, 2013).  Arrows in the 
framework indicate the flow of my research ideas in each essay.   
As shown in the figure, the first study discusses the effect of lease structure on the 
tenant’s willingness to pay for energy-efficient building features, and compares the tenant’s 
stated willingness to pay with the revealed rental value of those building features.  Three 
financially-related building features are included in this essay: (1) Energy-efficient heating 
and cooling systems, (2) Energy-efficient lighting, and (3) Water conservation systems.  In 
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addition, the essay asks what kinds of tenant and regional characteristics influence the 
tenant’s willingness to pay. 
Study #2 is expected to inform the business and architecture sectors about office 
buildings tenants’ opinions on employee productivity in a sustainable workspace.  Finally, 
Study #3 employs panel data regression analysis to examine if the diffusion of green 
construction projects is positively associated with a metro area’s economic performance in 
term of the number of green jobs.  Each study is addressed in depth in Chapters III, IV, and 
V, respectively. 
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Table 2.1. Highly-Cited Sustainable Building Studies by Category 
Category Author(s) Findings Study 
Sustainable 
Buildings  
Market Premiums 
and Lease 
Structure 
Eichholtz, Kok, 
& Quigley, 
2010a 
3-7% rental rates premium and 16% sale 
price premium for green-certified buildings 
Study 
#1 
(Chapter 
III) 
 
Wiley, 
Benefield, & 
Johnson, 2010 
7-17% rental rates premium for green-
certified buildings; 
10-18% occupancy improvement; 
$30-130/sq.ft. selling prices premium 
Fuerst and 
McAllister, 2011 
4-5% rental rates premiums; 
25% (LEED) and 26% (Energy Star) sale 
price premium 
Jaffee, Stanton, 
& Wallace, 2012 
Negative impact of FSG lease on 
transaction prices; 
No significant association between lease 
structure and building operating expenses 
Energy 
Consumption of 
Sustainable 
Buildings 
Turner, Frankel, 
& Council, 2008 
Analyzed energy performance for 121 
LEED New Construction (NC) buildings; 
For LEED office buildings, 33% lower 
energy use compared to the US 
commercial building average 
 
Pan, Yin, & 
Huang, 2008 
The energy performance of the sustainable 
building design is much better than 
national average in China, with 21-27% 
yearly cost savings. 
Oates & 
Sullivan, 2012 
Energy performance varies with building 
types in Arizona: medium energy intense 
LEED buildings performed better but high 
energy intense LEED buildings performed 
lower the national average; 
Argue that LEED NC rating system’s 
energy strategies fail to meet modeled 
efficiencies 
Tenant 
Productivity in 
Sustainable 
Spaces 
Miller, Pogue, 
Gough, and 
Davis (2009) 
A survey of over 500 office building 
tenants; 
54.5% agreed or strongly agreed that they 
were more productive after moving to 
green-certified buildings; 
45% reported fewer sick days 
 
Study 
#2 
(Chapter 
IV) 
Singh, Syal, 
Grady, and 
Korkmaz (2010) 
Two case studies (Pre-test, post-test); 
30% improvement in self-reported 
productivity after moving to green-
certified buildings 
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Category Author(s) Findings Study 
Sustainable 
Buildings and 
Regional 
Economies 
McKinsey & 
Company (2009) 
Improvements in energy efficiency for the 
residential and commercial real estate 
sector are expected to create 600,000 to 
900,000 stable and on-going green jobs in 
the US by 2020. 
Study 
#3 
(Chapter 
V) 
Allen and 
Potiowsky 
(2008) 
The green building industry cluster in 
Portland added about $960 million to the 
city’s annual wage in 2006; 
Implies the potential economic 
opportunities in the local area through 
green building construction. 
Kok, McGraw, & 
Quigley (2011) 
Positive relationship between economic 
vitality of a region (employment rates and 
high incomes) and the diffusion of green 
space. 
Fuerst, 
Kontokosta, & 
McAllister 
(2011) 
Positive relationship between regional 
economic measures (employment growth 
and education levels) and the % of LEED 
certified space. 
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Figure 2.3. Research Framework 
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CHAPTER III 
THE STATED AND REVEALED VALUE OF ENERGY-
EFFICIENT BUILDING FEATURES: FOCUSING ON LEASE 
STRUCTURE 
 
3.1. Background and Literature Review 
“If there are rent and price premiums for green buildings or lower energy costs, 
and either the label value or cost savings compensate for added construction costs, then 
what factors impede adoption of green buildings despite a favorable benefit versus cost 
balance?” (Bardhan & Croll, 2011, p. 8) 
 
Sustainability has been transforming the construction industy as the impact of 
buildings on society has been rapidly increasing, not only economically, but also 
environmentally.  In response to the huge impact of buildings, there has been an effort to 
apply the concept of sustainability to the built environment, which has resulted in the 
sustainable building movement. 
However, the adoption of sustainability in the real estate sector has been delayed 
due to a lack of evidence related to the financial benefits, as well as limited knowledge of 
the uneven distribution of costs and benefits between the tenant (occupier) and the landlord 
29 
 
(owner or investor) (Falkenbach, Lindholm, & Schleich, 2010).  The quotation above 
clearly describes why lease structures are important for sustainable building practice, 
because those who will benefit from sustainable buildings are determined by lease structure, 
such as Triple Net and Full Service Gross lease.  Specifically, this type of lease structure 
splits incentives between the tenant and the landlord in terms pass-through energy costs 
(Bardhan & Croll, 2011). 
Robinson (2014) likens the dynamics of lease structure in sustainable buildings to 
a puzzle. According to his description, it is a puzzle because there are various kinds of 
determinants that affect the choice of lease structure. Generally, the determinants include 
the size and function of leasing space, the type of tenant industries, the number of tenant 
companies in a building, tenant expertise, the existence of separate utility meters, general 
market patterns, and energy utilization patterns.   For instance, the tenant who uses a large 
amount of electricity and gas may prefer a Full Service Gross lease because the tenant pays 
a fixed rent under the lease structure, regardless of the amount of energy they use. 
Many studies maintain that lease structures are critical to determine who benefits 
from energy cost savings between owners and tenants, particularly in the case of energy-
efficient buildings.  Theoretically, the tenant benefits from sustainable building features, 
such as energy-efficient heating and cooling systems, by reducing his/her operating 
expenses with a Triple Net lease structure in which the tenant pays the net cost of utilities.  
Under a Triple Net lease, the tenant’s energy expenses can be determined either based on 
the net amount of their utility consumptions, which is measured by utility metering, or 
based on the size of the tenant space, which is measured by square footage.  In all instances, 
the Triple Net lease tenant receives direct benefits from energy cost savings.   
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On the other hand, the building owner (landlord) may benefit better from a Full 
Service Gross lease, in which the owner pays all of the utility costs, given the assumption 
that energy expenses decrease through energy efficient building features. Therefore, in 
theory, the landlord invests in energy-efficient buildings features and receives full benefit 
from energy cost savings under a Full Service Gross lease in the long term. With a Triple 
Net lease, the financial benefits are limited for the landlord and they have less incentive to 
support energy-efficiency of buildings.   
In addition, there is a third type of lease structure, a Modified Gross lease, which 
falls somewhere between a Triple Net and Full Service Gross lease.  Which expenses the 
tenant is responsible for varies from building to building under a Modified Gross lease.  In 
the data set used in this essay, 14.7 percent of sample tenants are under a Modified Gross 
lease (104 out of 708 tenants).  A Modified Gross lease varies with additional lease 
contracts.  
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Table 3.1. Application of Lease Structure to Energy-efficient Buildings 
Definition 
Player 
       Lease  
Tenant Landlord 
Full Service Gross 
Pays a fixed rent 
(no additional costs) 
Pays all operating expenses 
(tax, insurance, and 
maintenance) 
Triple Net 
Pays a base rent and 
all or part of operating 
expenses including utilities 
Not responsible for tenants’ 
operating expenses; 
Application to Energy-efficient Buildings 
Full Service Gross 
No direct financial benefits 
from reduced energy costs 
Can invest in energy-
efficient features and 
receive full benefit from 
energy cost savings (in the 
long term) 
Triple Net 
Benefits from energy cost 
savings; May have more 
incentive to support energy-
efficiency of buildings 
Less financial benefits 
(still responsible for 
common area management) 
 
The type of lease structure affects property values and a building’s operating costs.  
Jaffee, Stanton, and Wallace (2012) find that transaction prices are generally lower for 
commercial office buildings with a Full Service Gross lease, compared to those with a 
Triple Net lease.  According to the authors, this result suggests that differential incentive 
structures appear to have significant effects on property values, after controlling for the age 
of buildings.  Since the tenant has little incentive to minimize energy consumption with a 
Full Service Gross lease in which energy savings do not affect his/her fixed rental costs, 
the structure can be negatively associated with transaction values at the margin.  
The same study reveals that the total utility expenses are slightly higher (1.5%) for 
a Full Service Gross lease building relative to a Triple Net lease.  This implies that the 
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owners of Full Service Gross lease buildings are required to carry a burden of responsibility 
for unexpected energy price increases unless there is an expense stop clause.  
According to survey results from a Robinson, Simons, Lee, and Kern (2016) study, 
the tenant’s stated willingness to pay for three energy-efficient building features is different 
between the tenants with a Triple Net lease and those with a Full Service Gross lease.  In 
their study, office tenants were asked about a hypothetical situation in which each energy-
efficient building feature could potentially reduce the tenant’s annual operating cost by up 
to 2 percent, based on the type of lease.  For instance, the tenant under a Triple Net lease 
was given an instruction that each of the energy-saving features could reduce expenses by 
2 percent, while the tenant under a Full Service Gross lease was given another instruction 
that the energy-saving features would not affect operating expenses. 
Figure 3.1 reveals that the Triple Net lease tenant, on average, has a relatively 
higher willingness to pay for energy-efficient electricity and gas systems for heating, 
cooling, and lighting.  This result can be related to the economic concept of free riders as 
the Triple Net tenants receive benefits from energy cost savings even though they do not 
bear the cost of installing energy-efficient features in their buildings. 
Although the results generally correspond to the theory described above, it is yet to 
be discovered specifically what kinds of tenant characteristics, such as industry, size, and 
location of tenant, would affect the tenant’s willingness to pay for energy-saving features.  
For instance, as shown in Figure 3.1, the average willingness to pay for each 
attribute is below 2 percent for the Triple Net lease tenant, despite the fact that office 
tenants are asked about a hypothetical situation in which each energy-efficient building 
feature potentially reduces the tenant’s annual operating cost by up to 2 percent. 
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Furthermore, the tenants show a slightly different tendency for water conservation, 
compared to the other two attributes.  These results imply that the tenant’s willingness to 
pay for energy-efficient features would also depend on various factors mentioned above, 
such as the type of industry, size of a tenant, and regional characteristics, including weather.  
Therefore, this essay controls these factors in regression analysis. 
 
Figure 3.1. Difference in Willingness to Pay for a 2% Cost Saving by Lease Structure 
 
Source: Robinson, Simons, Lee, and Kern (2014) 
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Focus of Study 
As described above, the type of lease structure should be considered one of the most 
important and critical factors affecting a tenant’s willingness to pay for sustainable building 
features, particularly financially-related building attributes, such as energy-efficient 
heating, cooling, lighting, and water conservation systems.  In this context, I seek to find 
if there is a significant association between lease structure and the tenant’s willingness to 
pay for energy-efficient building features.  
In addition, this essay asks what kinds of tenant and regional characteristics 
influence the tenant’s willingness to pay.  As shown in Figure 3.1 above, the average 
willingness to pay for each feature was below 2 percent for the Triple Net tenant, even 
though they were given an assumption that they could decrease energy costs by 2 percent.  
In order to have a better understanding of the result, this study identifies what kinds of 
tenant and regional characteristics are associated with the possibility of higher willingness 
to pay (>2%) for energy-efficient features. 
Finally, I ask if the tenant actually pays rental premiums for such building features.  
In other words, I estimate the market value of each attribute.  By doing so, this study 
compares the stated value, which is measured by willingness to pay, with the revealed value 
of energy-efficient features, and thus identifies the effect of lease structure on each value.  
Figure 2.2 shows the conceptual framework of the study.  Appendix 2 shows all of the 
survey questions for which the data sets used in this study are collected. 
Although a recent study conducted by Robinson, et al. (Forthcoming) used the same 
survey data set to estimate the tenant’s stated willingness to pay for various green building 
attributes, this essay focuses on the effect of lease structure on three attributes that are 
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financially and directly associated with the tenant’s operating expenses.  In addition, I 
employ Moran’s I diagnostics to identify spatial autocorrelation, and conduct propensity 
score matching and multilevel analysis to examine the effect of lease structure on the value 
of the three attributes in terms of (1) the tenant’s stated willingness to pay, and (2) the 
revealed value of those attributes. 
 
Figure 3.2. Conceptual Framework 
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3.2. Research Questions and Hypotheses 
In theory, the tenant is motivated to save energy with a Triple Net lease in which 
he pays the energy expenses based on the net amount of consumption.  Several empirical 
studies attest to the theory’s correctness in practice in the real case of utility consumption 
in commercial office buildings (e.g. Jaffee, Stanton, & Wallace, 2012).  The theory also 
implies that the tenant can directly benefit from energy-efficient building features under a 
Triple Net lease. 
Based on this assumption, it can be hypothesized that Triple Net tenants are likely 
to have a higher willingness to pay for those building features that are financially beneficial 
to their energy expenses.  Specifically, three financially-related building features are 
included in this study:  
(1) Energy-efficient heating and cooling systems 
(2) Energy-efficient lighting 
(3) Water conservation systems 
 
As shown in Figure 3.2 above, this study also hypothesizes relationships between 
regional characteristics and the tenant’s willingness to pay for energy-efficient building 
features.  Among the characteristics, political orientation has been a useful indicator for 
how receptive a region is to social issues like local environmental problems (Deacon & 
Shapiro, 1975; Dippold, Mutl, & Zietz, 2014).  Dunlap (1975) found that Democrats, on 
average, showed an increased willingness to accept change in policies and showed a greater 
interest for environmental topics.  A recent study by Dippold, et al. (2014) reveals an 
interesting finding: the likelihood of green building certification is postive for counties with 
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a strong Democratic partisanship and a highly educated workforce.  Therefore, based on 
the previous studies, I include both variables, state-level political orientation and education 
achievement, in my analysis to control the effect of these factors on the tenant’s willingness 
to pay for energy-efficient building features.  Furthermore, the willingness to pay may be 
contingent on local energy prices.  Triple Net tenants may have a higher willingness to pay 
for energy efficiency of buildings if local energy prices are relatively more expensive than 
other regions.   
Setting the boundary of this lease structure discussion is important, due to various 
kinds of determinants that affect lease structure dynamics.  Therefore, the following 
research questions and hypotheses set the boundary of this study. 
 
Research Question 1 (Stated values of energy-efficient building features):  Will the tenant 
have a higher willingness to pay for energy-efficient building features under a 
Triple Net lease in which the tenant pays all the energy expenses based on the net 
amount of his consumption? 
 H1O: Holding all else constant, a lease structure is not significantly associated with 
the tenant’s willingness to pay for energy-efficient building features. 
 H1A: Holding all else constant, a Triple Net lease is positively associated with the 
tenant’s willingness to pay for energy-efficient building features. 
 
Research Question 2-1:  What kinds of tenant characteristics are associated with higher 
willingness to pay for energy-efficient building features? 
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 H2-1O: Holding all else constant, no tenant characteristics are significantly 
associated with higher willingness to pay for energy-efficient building features. 
 H2-1A-1: Holding all else constant, the number of employees per tenant firm is 
positively associated with higher willingness to pay for energy-efficient building 
features. 
 H2-1A-2: Holding all else constant, the government tenant is positively associated 
with higher willingness to pay for energy-efficient building features. 
 H2-1A-3: Holding all else constant, the tenant in the real estate industry is positively 
associated with higher willingness to pay for energy-efficient building features. 
 H2-1A-4: Holding all else constant, the tenant in the professional industries (e.g. 
finance, insurance, and legal) is positively associated with higher willingness to pay 
for energy-efficient building features. 
 H2-1A-5: Holding all else constant, the tenant whose stocks are publicly traded, is 
positively associated with higher willingness to pay for energy-efficient building 
features. 
 
Research Question 2-2:  What kinds of regional characteristics (at a state level) are 
associated with higher willingness to pay for energy-efficient building features? 
 H2-2O: Holding all else constant, no regional characteristics (at a state-level) are 
significantly associated with higher willingness to pay for energy-efficient building 
features. 
 H2-2A-1: Holding all else constant, electricity prices are positively associated with 
higher willingness to pay for energy-efficient building features. 
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 H2-2A-2: Holding all else constant, the political preference for the Democratic Party 
is positively associated with higher willingness to pay for energy-efficient building 
features. 
 H2-2A-3: Holding all else constant, the tenant living in a region with severe summer 
(extremely hot) weather, is positively associated with higher willingness to pay for 
energy-efficient building features. 
 H2-2A-4: Holding all else constant, the tenant living in a region with severe winter 
(extremely cold) weather, is positively associated with higher willingness to pay 
for energy-efficient building features. 
 
Research Question 3 (revealed values of energy-efficient building features):  Does the 
tenant actually pay additional premiums for those building features that are 
financially beneficial to their energy costs? 
 H3O: Holding all else constant, the rental premiums for energy-efficient building 
features are not significantly reflected in the actual rental rates. 
 H31: Holding all else constant, the rental premiums for energy-efficient building 
features are significantly and positively reflected in the actual rental rates. 
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Figure 3.3. Research Hypotheses 
 
 
3.3. Research Design, Data, and Model Specification 
Research Design 
Broadly, there are two ways of estimating the economic value of goods or services.  
The first way is to examine a revealed value of a subject.  The revealed value is estimated 
based on people’s behavior, specifically, how much they actually pay for a market good or 
service.  A hedonic price model is one of the well-known techniques to estimate a revealed 
value of a good or service.   
Non-use values are not revealed through observable economic transactions, and 
thus are not measurable through market data (Kotchen and Reiling, 2000, p.93).  
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Environmental goods, such as clean air, clean water, urban parks, and rivers, are the most 
common examples.  In this case, the stated preference (or stated value) is estimated based 
on how people respond in a survey (Morey, 2012).  Additionally, a stated value of a market 
good or service is measured by survey, and both the stated and revealed value can be 
compared (Simons, 2002).  Table 3-1 compares these two types of values with their main 
methodologies.  The data set I will use for this essay includes both stated and revealed 
preferences for the same tenant respondents. 
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Table 3.2. Revealed and Stated Preference 
Preference 
Well-known 
Valuation 
method 
Basis Notes 
Stated 
preference 
Contingent 
valuation 
Non-consumptive values 
cannot be estimated by 
observed consumption. 
- In general, it requires survey 
based data collection. 
Revealed 
preference 
Hedonic price 
modeling 
Market values are revealed 
through observable 
economic transactions. 
- It requires market 
transaction data and 
attributes. 
Source: Pearce (2002); Revised by author. 
 
Origin of Contingent Valuation 
 As an alternative approach to the hedonic model, the Contingent Valuation (CV) 
methodology can be used to measure non-observable market values.  It is typically 
recommended to use CV in association with the hedonic approach. (Kenneth, et al., 1993; 
Mundy & McLean, 1998; Simons, 2002). 
Contingent Valuation was initially originated in 1947 by Cririacy-Wantrup when 
he published a paper about the benefits of soil conservation programs that were designed 
to prevent soil erosion (Cririacy-Wantrup, 1947).  Specifically, he examined the capital 
returns from soil conservation programs in order to induce farmers to make proper 
decisions about soil-conservation practices, to help the government design adequate 
conservation policies, and to justify them to the public (p. 1181). In the study, he suggested 
that one way to obtain information on the demand for a public program is to ask individuals 
directly how much they would be willing to pay for benefits from the program (Portney, 
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1994, p.4).  Hoyos and Mariel (2010) explain that the study was the first attempt to use a 
public opinion survey to value public programs, based on the idea that respondents’ voting 
could be the closest substitute for consumer choice (p. 330).  
 Therefore, the CV methodology is an approach to measure a consumer’s stated-
preference for a good, service, or policy (Carson and Hanemann, 2005).  In other words, 
CV estimates an individual’s Willingness to Pay (WTP) for a subject or policy, such as a 
change in environmental amenities, using survey questions to elicit information on how 
much each sampled individual would be willing to pay to have the subject or policy 
implemented (William, Morey and Lodder, 1998, p.715). As the name indicates, a CV 
survey measures the contingent values revealed by respondents upon hypothetical or 
constructed projects or programs (Portney, 1994, p. 3). 
 
Non-response Bias 
Among various research methods, surveys have played an important role in social 
science research, and now it is one of the most common methods.  Many scholars have 
developed detailed survey techniques and applied those methodologies to various fields of 
study, from psychology and sociology, to political science and business.  However, like 
other methodologies, survey research has different types of limitations and disadvantages. 
 Perhaps one of the biggest issues in survey research is the problem of missing data 
which could lead survey estimates to incorrect conclusions about the population of interest.  
In particular, non-response bias occurs when some subjects choose not to respond to a 
particular survey or question and when those non-respondents are systematically different 
from those who respond to the survey or question in one or more ways (Vogt, 2005).  In 
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other words, when survey respondents are different from the entire population targeted by 
the survey, those respondents may not represent all the population. 
 As a consequence of non-response bias, the external validity of the survey research 
can be threatened because a researcher cannot appropriately generalize survey results to 
predict some attributes of the larger target population (Bartlett, Bartlett, & Reio, 2008).  
The external validity test asks if a study’s findings are generalizable beyond the sample 
study (Yin, 2009).  For instance, in the case of an employee satisfaction survey, dissatisfied 
employees may be more likely to participate in the study, compared to satisfied employees, 
thereby distorting the true level of employee satisfaction. 
 More specifically, non-response bias is categorized into two types.  First, when 
survey subjects fail to respond to a particular question, this type of non-response is called 
“item non-response.”  Second, when some subjects fail to respond to the entire survey, it 
is called “survey or unit non-response” (Berg, 2005).  Although these two biases represent 
different cases of response behavior, the item non-response can increase the possibility of 
unit non-response bias when respondents who are reluctant to participate in a survey 
decline to answer sensitive questions that are critical to the research (Dixon, 2005).  
Because both types of non-response bias affect survey quality in term of external validity, 
they should be dealt with through suitable approaches by researchers. 
 One well-known technique used in controlling for non-response biases is 
propensity score matching (PSM), which was developed by Rubin and Rosenbaum (1983).  
By using this technique, individuals with similar covariates could be matched between the 
treatment and non-treatment groups (in this study, the NNN tenant groups and the non-
NNN tenant group), and thus an unbiased estimate can be obtained.  Therefore, this study 
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employs the PSM technique to control potential non-response biases of the survey.  The 
detailed matching process is described in the analysis section. 
 
Data 
Survey data used in this study had been collected by a research team from 
Cleveland State University, Central Michigan University, and CB Richard Ellis (CBRE) in 
2014 as a part of the research project granted by CBRE Real Green Research Challenge 
program.  The research team surveyed 329 U.S. office buildings containing more than 
3,000 tenants.  Among the total number of tenants, 708 tenants (23%) in 225 buildings 
responded to an online survey of office tenants across the country (on average, 3.1 tenants 
per building).  In the survey, the tenants were asked to provide their willingness to pay 
(stated preferences) for various sustainable building features.  This study uses the survey 
database to test the aforementioned Hypotheses. 
 
Table 3.3. Distribution of Survey Respondents by Region 
Region 
# of 
Buildings 
Building  
% in total 
# of 
Tenants 
# of Complete 
Responses 
Response 
Rate 
Mideast 17 5% 202 22  11% 
Southeast 28 9% 229 61 27% 
Great 
Lakes 43 13% 398 98 25% 
Energy 
Belt 79 24% 741 205 28% 
Far West 162 49% 1445 322 22% 
Total 329 100% 3015 708 23% 
Source: Robinson, Simons, Lee, & Kern (Forthcoming) 
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In order to analyze the revealed values (Hypothesis #3), this study uses the actual 
rental rates of the same tenants who participated in the survey.  It is highly unique to have 
both stated and revealed value for the same sample, and thus it enables the author to check 
the accuracy of stated values by comparing them with revealed values. 
The rent database also includes information on whether each building has the three 
sustainable building features: efficient heating and cooling, lighting, and water 
conservation.   Finally, the rent data is merged with state-level variables, such as energy 
prices, political preference for the Democratic Party, demographics, and extreme weather 
conditions.  Table 3.4 summarizes the data sets with their sources. 
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Table 3.4. List of Data and Sources 
Data Measure Source 
Office building 
tenant survey 
Willingness to pay for energy-efficient 
building features 
CSU, CMU, & 
CBRE Research 
Team (2014) 
Office building 
rents 
Annual base-rent per square foot CBRE (2014) 
Energy prices Cents/KWh (retail prices) U.S. EIA 
Political preference 
Share of votes (%) for the Democratic 
candidate per state in elections for U.S. 
Senate. 
USelectionatlas.org 
Demographics 
Education (share of population with a 
bachelor degree(%) that is at least 25 years 
old, per state) 
 
Median Income (Per capita personal income 
in U.S. $ per state, 2014); 
U.S. Census 
Weather 
Number of sun days, average temperature in 
January and July. 
National Climate 
Date Center 
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The descriptive statistics of the data set are presented in Table 3.5.  Specifically, 
descriptive statistics are shown in two parts: the first table shows the descriptive statistics 
of continuous variables, while the second shows those of dummy variables.  The stated 
willingness to pay for each energy-efficient building feature is measured by a percentage 
term from negative two to positive five percent.  In the actual survey, tenant respondents 
are asked to select one of the following choices.  However, to quantify the first and last 
choice, the “Less than -1%” is coded as a value of negative two, while the “More than 4%” 
is coded as a value of five percent in this essay. 
 
 
 
Table 3.5.  Descriptive Statistics 
(1) Continuous Variables 
Variable Definitions / Unit Min Max Mean 
Std. 
Deviation 
Rent/SF Base-rent per Square Foot  $8.00   $87.00   $26.31   $11.82  
Total SF 
Square Footage of the tenant 
space 
 392   350,000   17,633   33,692  
Employees 
The number of employees in 
the tenant space 
 1   1,260   59   133  
WTP for Efficient 
heating and cooling 
% of the current base-rent/sf 
-2.0% 5.0% 1.0% 0.014 
WTP for Efficient 
lighting 
-2.0% 5.0% 1.0% 0.013 
WTP for Water 
conservation 
-2.0% 5.0% 1.0% 0.014 
 
How much more, in percentage terms, would you pay for each attribute? 
Less than -1%, -1%, 0%, 1%, 2%, 3%, 4%, More than 4% 
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(2) Dummy Variables 
 
Variable Definition Frequency % 
Efficient heating 
and cooling If each feature is currently available for the 
tenant, then coded as "1." 
320 45.2% 
Efficient lighting 387 54.7% 
Water conservation 244 34.5% 
Lease NNN Lease Structure: Triple Net 234 33.3% 
Lease Modified Lease Structure: Modified Gross 104 14.7% 
Lease FSG Lease Structure: Full Service Gross 370 52.2% 
Industry Finance & 
Insurance 
Finance and Insurance Industry 113 15.9% 
Industry Legal Legal Industry 78 11.0% 
Industry Energy Energy-related Industry 19 2.7% 
Industry 
Government 
Government 20 2.8% 
Industry Real 
Estate 
Real Estate-related Industry 49 6.9% 
Industry Comp & 
IT 
Computer and IT Industry 30 4.2% 
Function Executive Function of Office Space: Executive 371 52.3% 
Function 
Professional 
Function of Office Space: Professional Services 342 48.1% 
Public Stock 
If a tenant company's stock is publically held, 
then coded as "1." 
162 22.8% 
Sustainability 
initiative 
If sustainability initiatives have been discussed 
at a company meeting in the last six months, 
then coded as "1." 
195 27.5% 
Sustainable 
supplier 
If a tenant company prefers to choose suppliers 
who market themselves as sustainable over 
those who do not, then coded as "1." 
331 46.7% 
Layout Hybrid 
Open, shared, common workspace areas with 
sunlight in the central core areas, combined 
with much smaller than typical private office or 
open plan cubicles. 
174 24.5% 
Layout Flex 
No permanent office space but have access to 
work stations or private offices by reservation 
43 6.1% 
Layout Traditional 
A large variety of private offices line the 
outside area of the floor adjacent to the 
windows. 
484 68.3% 
Position 
Leadership 
President, Vice President, CEO, CFO, and 
COO 
94 13.3% 
Education Education: Bachelor's Degree (%) 326 46.0% 
LEED 
Certification 
If designated as LEED, then coded as "1." 202 28.5% 
Energy Star 
Certification 
If Energy Star-certified, then coded as "1." 213 30.0% 
(N=708)  
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Model Specification 
 To test the hypotheses proposed above, Model 1 examines the effect of lease 
structure on the stated values of financially-related building features: energy-efficient 
heating and cooling, lighting, and water conservation systems.  Specifically, Model 1 
regresses the type of lease structure on the continuous variables of willingness to pay for 
each building feature.  The purpose of this model is to examine if lease structure is 
significantly associated with the tenant’s willingness to pay for three building features that 
have potential benefits for the tenant’s energy cost savings. 
Model 1 also identifies what kinds of tenant and regional characteristics are 
significantly associated with the tenant’s willingness to pay for the three building features.  
Tenant characteristics include the number of employees, the type of industry, and the 
sustainable practice of the tenant firm.  Regional characteristics include electricity prices 
and weather factors at the state level where the tenant is located. 
Model 2 examines the revealed values of the same energy-efficient building 
features.  Three dummy variables indicating whether each of the three building features is 
currently present in the tenant space are regressed on the actual rental rates per square 
footage.  This model also includes three interaction variables designed to identify whether 
or not there are interaction effects between a Triple Net lease and each of the three building 
features. 
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Model 1 (Stated values of energy-efficient building features): 
WTPi (if WTP>2%, then y=1) = β0i + β1i Lease Structure + β2i Tenant Characteristics  
 + β3i Regional Characteristics +  β4i  +  i                                                                                         
(Equation 3.1) 
Model 2 (Revealed values of energy-efficient building features): 
Renti = β0i + β1iE_HeatCool + β2iE_Lighting + β3iE_Water + β4iLease Structure  
+ β5i (HC*NNN) +   β6i (Lighting*NNN) + β7i (Water*NNN)  
+ β8i Building Characteristics + β9iTenant Characteristics  
+ β10i Regional Characteristics + β11iXi + i     
(Equation 3.2) 
 
where, 
WTPi is a dichotomous variable that has a value of 1, indicating greater than 2% 
willingness to pay for energy-efficient building features, and a value of 0 indicating equal 
to, or less than, 2%; 
Renti represents the actual per square foot rental rate of tenant i; 
Lease Structurei is a vector of lease structures including Triple Net, Full Service Gross, and 
Modified Gross leases; 
Tenant Characteristicsi is a vector of tenant characteristics including the main industry
1, 
number of employees, and square footage of tenant i company; 
                                                          
1 Among various types of industry, four industries are included in the regression models of this study. They 
are government, finance/insurance, legal, and real estate industries. Previous studies show that these four 
industries are closely related to sustainability and corporate social responsibility. In the data set used in this 
study, government tenants account for 2.8% of total sample, while the finance/insurance and legal industry 
account for 16% and 11% of the sample respectively. The real estate industry accounts for 6.9%. 
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Regional Characteristicsi is a vector of regional characteristics including energy prices, 
political preference, weather (extreme heat or cold), education achievement, and per capita 
income, in the region in which tenant i company is located; 
Heat-Cooli is a dummy variable with a value of 1 if tenant i indicates the energy-efficient 
heating and cooling system is currently available for the office building, and 0 otherwise; 
Lightingi is a dummy variable with a value of 1 if tenant i indicates the energy-efficient 
lighting system is currently available for the office building, and 0 otherwise; 
Wateri is a dummy variable with a value of 1 if tenant i indicates the water conservation 
system is currently available for the office building, and 0 otherwise; 
HC*NNNi is an interaction form indicating both if tenant i has an energy-efficient heating 
and cooling system and if the same tenant’s lease is a Triple Net; 
Lighting*NNNi is an interaction form indicating both if tenant i has an energy-efficient 
lighting system and if the same tenant’s lease is a Triple Net; 
Water*NNNi is an interaction form indicating both if tenant i has an energy-efficient water 
conservation system and if the same tenant’s lease is a Triple Net; 
X represents all remaining control variables; 
β0 is a constant; and   is the error term. 
 
3.4. Analysis and Results 
Analysis #1 – Spatial Autocorrelation (Moran’s I) 
As described, the purpose of this study is to identify the influence of lease structure 
on the value of energy-efficient building features by employing regression models stated 
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above.  In terms of the data analysis process, I first estimate a Moran’s I to measure spatial 
autocorrelation of the current data sets, before running regression models.  The measure of 
spatial autocorrelation is based on the first law of geography mentioned by Tobler (1970): 
everything is related to everything else, but near things are more related than distant things. 
The main reason this study checks spatial autocorrelation is based on the statistical 
assumption that each observation is considered to be independent from one another.  When 
spatial autocorrelation exists in the current data set, it may result in biased statistical 
outcomes.  I measure spatial autocorrelation for the two data sets.  The first data set is used 
for the stated-value model, while the second is used for the revealed-value model.  
Geographic Information System (GIS) and GeoDa are used in this study to calculate the 
value of Moran’s I for each data set.  GeoDa is an open-source software designed for 
various spatial analyses including special autocorrelation diagnostics.  I created a GIS 
Shape file including all tenant sample information (708 tenants) with their geographic 
locations, then imported the file into GeoDa to measure two types of spatial autocorrelation: 
Global and Local Moran’s I.   
Figure 3.4 reports the Global Moran’s I values only, as there is no significant 
difference between the two types of measurement, given data sets used in this essay.  For 
the Global Moran’s I statistics, the null hypothesis is that the attribute being analyzed is 
randomly distributed among the sample observations.  As shown in the output figure below, 
the p-values returned by the spatial autocorrelation analysis are 0.17 and 0.01 for the 
willingness to pay and rent model, respectively.  Therefore, the null hypothesis cannot be 
rejected in the willingness to pay model, while it can be rejected in the rent model.  In other 
words, it is quite possible that the tenant’s willingness to pay for energy-efficient attributes 
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is randomly distributed across the study area, while the spatial distribution of the tenant’s 
rent in the current data set is more spatially clustered than would be randomly distributed.   
These outputs match my initial expectations, as multiple tenants in the same 
building may, or are likely to have, very similar rents per square foot in the data set.  This 
result provides a rationale for conducting a multi-level regression analysis for the rent 
model.  In terms of the data hierarchy, the multilevel analysis is based on the assumption 
that individual tenants in the same building share the same rental price (per square footage) 
with each other.  Therefore, it is considered a type of correlation. 
 
Figure 3.4. Moran’s I (Spatial Autocorrelation) 
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Analysis #2 – Propensity Score Matching 
As described above, this study also employs propensity score matching (PSM) to 
control for non-response biases of the survey data used in this study.  As described, this 
essay employs the PSM technique to control potential non-response biases of the survey.  
Therefore, the technique is not applied to the rent analysis of this study. 
By using the PSM matching technique, individual tenants with similar covariates 
are matched between the NNN and non-NNN tenant groups, and thus an unbiased estimate 
can be obtained.  Specifically, tenants with similar number of employees and analogous 
characteristics are selected for the exact matching sample group. 
As already reported in the descriptive statistics above, 234 tenants are under Triple 
Net leases, while 474 tenants are under either Full Service Gross or Modified Gross leases, 
out of 708.  I conducted one-to-one matching between the two groups (NNN vs. Non-NNN) 
based on propensity scores, and created a new regression data set including 234 NNN 
tenants and 234 Non-NNN tenants. 
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Table 3.6. Propensity Score Matching 
 NNN Non-NNN 
All tenants 234 474 
Matched 234 234 
Unmatched 0 240 
Discarded 0 0 
 
[Propensity Score Matching Output Snapshot] 
Survey Response ID NNN (1) vs. Non-NNN (0) PSM Score weights 
1302 0 0.304178 1 
1322 0 0.483484 1 
1814 0 0.399153 1 
1823 0 0.635751 1 
2953 0 0.245239 1 
2018 1 0.194780 1 
2019 1 0.339991 1 
2586 1 0.390180 1 
3077 1 0.410626 1 
1409 0 0.416630 1 
1644 0 0.360490 1 
1667 0 0.363626 1 
1698 0 0.324572 1 
1449 1 0.363626 1 
1523 1 0.311120 1 
1373 1 0.185999 1 
1417 1 0.645699 1 
 
 
Analysis #3 – Regression Analysis (Willingness to Pay Model) 
 In this section, I report three regression models designed to identify the effect of 
lease structure on the tenant’s willingness to pay for energy-efficient building features, 
including energy-efficient lighting, heating and cooling, and water conservation.  The three 
models are: (1) logistic regression with a full sample (N=708), (2) logistic regression with 
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a subset of the sample – propensity score matched data set (N=468), and (3) multilevel 
regression with the propensity score-matched sample (N=468). 
In terms of the model fit, both Akaike Information Criterion (AIC) and Bayesian 
Information Criterion (BIC) values are reported to compare the goodness of fit of the three 
models.  Both AIC and BIC are a measure of the relative quality of statistical models for a 
given set of data, and thus those values provide a means for model selection.  In other 
words, given a collection of models, each measure estimates the quality of each model, 
with comparison to each of the other models.  However, unlike the measure of R-squared, 
AIC and BIC do not measure the goodness of fit in an absolute sense. Although these 
diagnostics do not have specific threshold levels, the lower value of AIC and/or BIC 
represents the better fit.  I also conducted residual analysis for main models to check the 
heteroscedasticity of the data set. As seen in figures below, the results of residual analysis 
show that residuals are normally distributed, and have no specific pattern, which indicates 
that the model has no heteroscedasticity issues. 
 
Figure 3.5. Residual Analysis 
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When it comes to multicollinearity, I employed the variance inflation factor (VIF) 
as a collinearity diagnostic method in this study. The VIF indicates whether an independent 
variable has a significant linear relationship with the other predictor variable(s).  Based on 
a study by Myers (1990), I used the VIF value of 10 to examine multicollinearity problems. 
If the VIF was greater than 10, the variable was excluded from regression analysis.       
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Table 3.7.  Regression Outputs (Willingness to Pay Models) 
Variable 
(1) Logistic with Full Sample (2) Logistic with Propensity Score Matching 
(3) Multilevel logistic with 
Propensity Score Matching 
B 
Std. 
Err. Sig. Exp(B) B Std. Err. Sig. Exp(B) B Std. Err. Sig. 
NNN 
0.486*
* 0.227 0.033 1.626 0.498* 0.281 0.076 1.646 0.508* 0.277 0.066 
MG 0.186 0.263 0.479 1.205 0.373 0.367 0.309 1.452 0.375 0.367 0.307 
Employees 0.000 0.001 0.831 1.000 0.069 0.079 0.382 1.072 0.069 0.079 0.385 
Ind. government 0.832* 0.492 0.091 2.297 -0.062 1.343 0.963 0.940 -0.047 1.333 0.972 
Ind. Finance/insurance -0.039 0.248 0.874 0.962 -0.178 0.287 0.536 0.837 -0.177 0.287 0.537 
Ind. Legal 0.042 0.294 0.886 1.043 -0.514 0.467 0.271 0.598 -0.513 0.466 0.271 
Ind. Real Estate 
0.675*
* 0.325 0.038 1.964 0.841* 0.447 0.060 2.318 0.835* 0.447 0.062 
Weather Summer 1.721 2.549 0.499 5.593 1.940 3.075 0.528 6.961 1.849 3.040 0.543 
Weather Winter 0.117 0.407 0.774 1.124 -0.424 0.428 0.321 0.654 -0.414 0.424 0.330 
Median Income -0.984 1.754 0.575 0.374 -2.441 2.330 0.295 0.087 -2.422 2.328 0.298 
Education MA% 3.419 9.231 0.711 30.551 2.489 12.063 0.837 12.046 2.164 11.964 0.856 
Ave. Elec. Price -0.014 0.061 0.820 0.986 0.144 0.789 0.855 1.155 0.155 0.787 0.844 
Political: Democratic 0.005 0.018 0.796 1.005 -0.063 0.976 0.949 0.939 -0.051 0.973 0.958 
Discuss Sustainability 
0.474*
* 0.212 0.026 1.606 0.491* 0.277 0.076 1.635 0.492* 0.277 0.076 
PPPP: Profit tenant -0.105 0.116 0.366 0.901 -0.057 0.136 0.673 0.944 -0.059 0.136 0.662 
PPPP: Profit landlord 0.101 0.092 0.271 1.106 0.116 0.139 0.406 1.123 0.115 0.139 0.410 
PPPP: People     0.097 0.149 0.517 1.101 0.095 0.149 0.524 
PPPP: Planet  0.004 0.121 0.974 1.004        
Public Stock     -0.372 0.254 0.143 0.689 -0.374 0.254 0.140 
Lease Term     0.008 0.023 0.724 1.008 0.009 0.023 0.707 
Constant 1.155 26.606 0.965  17.615 36.224 0.627  17.747 36.193 0.624 
Pseudo R2  0.10 0.10 N/A 
AIC 833.90 566.50 568.50 
BIC 938.80 661.90 668.10 
ICC N/A                                                                   N/A 0.000 
Dependent variable: a dichotomous variable that has a value of 1, indicating greater than 2% willingness to pay for energy-efficient 
building features, and a value of 0 indicating equal to, or less than 2% willingness to pay. 
 
* Statistically significant at a 90% level; ** statistically significant at a 95% level. 
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In all three models, the effect of Triple Net lease on the tenant’s willingness to pay 
for energy-efficient building attributes is positive and statistically significant at the 95% or 
90% confidence level.  Specifically, the NNN tenants are 1.6 times more likely to have 
greater than or equal to the 2% willingness to pay than the FSG tenant group.  
In terms of the type of industry, those tenants in the government or real estate sector 
are more likely to have greater willingness to pay.  However, the regression outputs for the 
tenant groups in professional industries, such as the finance and legal sector, are contrary 
to my initial expectations that the professional tenant firms would have a higher willingness 
to pay for energy efficiency of buildings. 
As for tenant characteristics, when tenant firms have recently discussed 
sustainability as a business agenda, they have shown a relatively higher willingness to pay 
for the energy efficiency of buildings, compared to those who have not discussed 
sustainability internally.   
This essay also includes quadruple bottom line (Simons, et al.. 2016) variables, 
PPPP, where each P represents the importance of the general environmental goals (planet), 
employees’ productivity (people), the tenant’s profitability (Profit-tenant), and the 
landlord’s profit (Profit-landlord).  I expected that a tenant who considers the tenant’s 
profitability to be the most important element of sustainable buildings would have 
significantly higher willingness to pay for energy-efficient building attributes.  However, 
none of these variables is statistically significant in all three models shown above. 
With respect to regional characteristics, none of the regional variables included in 
the model are statistically significant, and this result is also contrary to the initial 
expectation of this study.  Finally, the measure of AIC and BIC indicates that logistic 
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models are much improved with propensity score matching for the given data set.  However, 
the multilevel analysis with propensity score matching shows no statistical difference from 
the original logistic model with propensity score matching. 
 
Analysis #4 – Regression Analysis (Rent Model) 
As described above, the rent models examine the revealed values of the same 
energy-efficient building features as included in the willingness to pay model.  Three 
dummy variables indicating whether each of the three building features is currently present 
in the tenant workspace are regressed on the actual rental rate per square footage.  The 
model also includes three interaction variables designed to identify if there are interaction 
effects between a Triple Net lease and the presence of each building feature. 
Based on the result of spatial autocorrelation analysis, which is measured by 
Moran’s I score, multilevel analysis is employed to control for the spatial autocorrelation.  
In terms of the data hierarchy, the multilevel analysis is based on the assumption that 
individual tenants in the same building share the same rental price (per square footage) 
with each other.  Therefore, it is considered a type of correlation.   
The Intra-Class Correlation (ICC) is commonly used to quantify the degree to 
which individual tenants located in the same building resemble each other (Shin, Saginor, 
& Zandt, 2011).  The current data set used in this study has an ICC of 0.71, which indicates 
that about 71 percent of the variance in the dependent variable (log of rent/sf) is between 
buildings.  To verify whether the multilevel regression analysis is needed for the given data 
statistically, Muthen and Satorra (1995) suggest calculating the Design Effect, which is the 
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ratio of the total number of tenants to the number of subdivisions (which is the number of 
buildings in this study).  The Design Effect is calculated by an equation below. 
 
Design Effect = 1 + (average cluster size - 1) * ICC = 1 + (3.15 - 1) * 0.71 = 2.52 
(Equation 3.3) 
  
The average cluster size in this study is 3.15 tenants (the number of total tenants / 
the number of buildings = 708/225 = 3.15), and the Design Effect is 2.52.  Mass and Hox 
(2002) describe that, if the Design Effect score is larger than 2, a single-level regression 
analysis is likely to provide biased estimates.  Therefore, I conduct a multilevel analysis 
based on the Design Effect score of 2.52, then compared the outputs with the OLS 
regression results. 
 With respect to the association between lease structure and a base rent/sf, both OLS 
and multilevel models reveal that the tenants under a Triple Net lease pay a relatively lower 
base rent than the tenants under a Full Service Gross lease, at the 95% confidence level.  
This result is consistent with the theory, which is described in the first section of this essay, 
that the Triple Net lease tenants pay relatively lower base rents along with additional 
operating expenses, while the Full Service Gross lease tenants pay a relatively higher rent 
as they do not pay additional operating expenses. The result also corresponds to literature 
that the type of lease structure affects property values and a building’s operating costs.  
In terms of the market value of individual building attributes, none of the attributes 
show a statistically significant association between the presence of attribute and rents.  
However, the interaction terms between a NNN lease and each attribute indicate that the 
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market value of energy-efficient heating and cooling, and lighting features are significantly 
and positively incorporated in the NNN lease tenant’s rents. 
Finally, the measure of AIC and BIC reveal that a regression model is much 
improved with multilevel analysis for the given data set as the multilevel model shows 
lower AIC and BIC scores than the OLS model.  Both OLS and multilevel model outputs 
are shown in Table 3.8. 
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Table 3.8. Regression Outputs (Rent Models) 
 (1) OLS Regression (2) Multilevel Regression 
 Variable B Std. Err. T Sig. VIF B Std. Err. Sig. 
NNN -0.208** 0.096 -2.174 0.031 4.569 -0.171** 0.050 0.001 
MG -0.018 0.088 -0.203 0.839 1.782 0.024 0.066 0.717 
Heating and cooling -0.004 0.044 -0.086 0.932 1.155 -0.008 0.020 0.677 
Lighting 0.022 0.046 0.486 0.628 1.232 0.003 0.020 0.869 
Water conservation -0.040 0.048 -0.833 0.405 1.263 -0.024 0.021 0.257 
Heating Cooling x NNN 0.173** 0.084 2.056 0.041 2.056 
Omitted due to collinearity2 
Lighting x NNN 0.223** 0.101 2.219 0.027 4.449 
Water x NNN 0.067 0.088 0.763 0.446 3.105 
Better Indoor Air Quality 0.201** 0.076 2.629 0.009 1.682 
LEED only 0.218** 0.099 2.204 0.028 1.881 0.376** 0.158 0.017 
EnergyStar only -0.045 0.063 -0.711 0.478 1.665 -0.015 0.055 0.788 
Dual LEED and ES 0.176** 0.069 2.553 0.011 2.408 -0.245 0.172 0.154 
Lease term 0.004 0.003 1.340 0.181 1.170 0.002 0.002 0.326 
ln_employees -0.012 0.010 -1.170 0.242 1.090 -0.012 0.007 0.085 
Ind government 0.097 0.084 1.160 0.247 1.050 0.122 0.060 0.041 
Ind finance 0.115** 0.038 3.020 0.003 1.070 0.031 0.025 0.219 
Ind legal 0.013 0.045 0.300 0.768 1.090 -0.017 0.032 0.598 
Ind real estate 0.011 0.055 0.200 0.838 1.050 -0.069* 0.036 0.055 
Constant 3.188 0.043 75.000 0.000 N/A 3.174 0.044 0.000 
R2  0.13 N/A 
AIC 578.20 214.9 
BIC 646.60 291.7 
ICC N/A 0.706 
Dependent variable: ln_rent per square foot. 
* Statistically significant at a 90% level; ** statistically significant at a 95% level.
                                                          
2 The variables omitted are interaction terms between three building features (heating and cooling, lighting, and water conservation) and a Triple Net 
lease.  
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3.5. Summary and Conclusions 
The first essay of my dissertation discussed the effect of lease structure on the 
tenant’s willingness to pay for energy-efficient building features, and compared the 
tenant’s stated willingness to pay with the revealed rental value of those building features.  
Specifically, this essay began with a research question that asks if office building tenants 
have a higher willingness to pay for energy-efficient building features under a Triple Net 
lease in which the tenant pays all the energy expenses based on the net amount of his 
consumptions.  Three financially-related building features were included in this study: (1) 
Energy-efficient heating and cooling systems, (2) Energy-efficient lighting, and (3) Water 
conservation systems.  In addition, this study asked what kinds of tenant and regional 
characteristics influenced the tenant’s willingness to pay. 
In the second part of the analysis, I asked if the tenant actually pays rental premiums 
for such building features.  In other words, I estimated the market value of each attribute.  
By doing so, this study compared the stated value, which was measured by the tenant’s 
willingness to pay, with the revealed value of energy-efficient features, and thus identified 
the effect of lease structure on each value. 
In terms of research methods, I controlled non-response biases by employing 
propensity score matching.  By using this technique, individual tenants with similar 
covariates were matched between the NNN tenant groups and the non-NNN tenant group, 
and thus unbiased estimates were obtained.  Additionally, I estimated a Moran’s I to 
measure spatial autocorrelation of the current data sets, before running regression models, 
and found that the tenant’s willingness to pay for energy-efficient attributes was randomly 
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distributed across the study area, while the spatial distribution of the tenant’s rent in the 
current data set was more spatially clustered than would be randomly distributed.  Based 
on the measure of spatial autocorrelation, I conducted a multi-level regression analysis for 
the rent model. 
The effect of Triple Net lease on the tenant’s willingness to pay for energy-efficient 
building attributes was positive and statistically significant, and thus the first null 
hypothesis was rejected.  Specifically, the NNN tenants are 1.6 times more likely to have 
greater than or equal to the 2% willingness to pay than the FSG tenant group.  With respect 
to the association between lease structure and a base rent/sf, I was able to confirm the 
assumption that the tenants under a Triple Net lease pay a relatively lower rent than the 
tenants under a Full Service Gross lease. 
In terms of the market value of individual building attributes, none of the energy-
efficient attributes showed a statistically significant association between the presence of 
attribute and rents.  Therefore, the null hypothesis on the revealed value of those attributes 
was not rejected.  However, interaction variables included in the model showed that the 
market value of energy-efficient heating and cooling, and lighting features are significantly 
and positively incorporated into the NNN lease tenant’s rent.  This result supports my initial 
idea that the NNN lease tenants are likely to have more incentive to support energy-
efficiency of buildings as they can save energy expenses through the combination of NNN 
lease and energy-efficient building attributes. 
The tenant’s willingness to pay (the stated preference) for energy-efficient features 
and the rental value (the revealed preference) cannot be directly compared to each other as 
the survey was based on hypothetical situations of potential energy cost savings.  However, 
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this study shows that the comparison is still useful to identify the effect of lease structure 
on each value.  Particularly, as already mentioned above, the use of interaction terms, 
indicating a combination of a NNN lease and energy-efficient attributes, revealed a 
significant difference between the NNN lease-prevailed buildings and the FSG lease-
prevailed ones in terms of the market value of energy efficiency. 
As mentioned in the beginning of this essay, the adoption of sustainability in the 
real estate sector has been delayed due to a lack of evidence related to the financial benefits, 
as well as limited knowledge of the uneven distribution of costs and benefits between the 
tenant (occupier) and the landlord (Falkenbach, et al., 2010).  In response to this issue, 
there has been a discussion regarding green leases that define how to split costs and benefits 
associated with energy-efficient building features.  In this context, the findings from this 
essay would be of interest to both office building tenants and real estate developers in terms 
of the effect of lease structure on their operating cost savings. 
Although the statistical models employed in this study showed weak measures of 
quality of fit, I was able to make all the models stronger by alleviating the weakness of the 
given data set through additional statistical techniques and methods, such as propensity 
score matching, spatial autocorrelation analysis, and multilevel regression. 
In contrast to a recent study conducted by Robinson, et al. (Forthcoming) that used 
the same survey data set to estimate the tenant’s stated willingness to pay for various green 
building attributes, this essay focused on the effect of lease structure on three attributes that 
are financially and directly associated with the tenant’s operating expenses.  In addition, 
Moran’s I diagnostics are employed to identify spatial autocorrelation, and propensity 
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score matching and multilevel analysis are used to control non-response biases and Intra-
Class Correlation issues, respectively. 
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CHAPTER IV 
THE RELATIONSHIP BETWEEN SUSTAINABLE 
BUILDING FEATURES AND EMPLOYEE PRODUCTIVITY 
FROM THE TENANT PERSPECTIVE 
 
4.1. Background and Literature Review 
Background 
The U.S. Environmental Protection Agency (EPA) defines sustainable building as 
a practice to reduce the overall negative impact of the built environment on the natural 
environment and human health.  Specifically, the EPA’s definition of sustainable buildings 
includes a statement that a sustainable building’s design and operation protects occupancy 
health and improves employee productivity (U.S. EPA, 2016). Although most of the 
sustainable building research has focused on its financial and environmental aspects, the 
EPA statement indicates that health and productivity benefits should also be recognized in 
sustainable building studies. Recently, a growing number of studies have started to cover 
this research topic in both academic and practical fields of research.
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Employee productivity has been considered one of the most important factors for 
success in both public and private organizations (Kemppilä & Lönnqvist, 2003).  This 
argument is based on the fact that labor costs are far larger than the cost of other operating 
expenses, such as property and energy costs.  Therefore, even small improvements in 
productivity may result in significant financial benefits to both public and private 
organizations (Kats, 2003). 
Considerable literature examines the close relationship between the organization’s 
environmental performance, such as the presence of a building’s environmentally friendly 
attributes, and the employee’s working performance (Kats, 2003; Orlitsky, Schmidt, & 
Rynes, 2003).  These studies indicate that investing in the organization’s environmental 
performance can generate competitive advantages in productivity and other profit 
opportunities.  In this context, the current study examines stated-relationships between 
sustainable building features and employee productivity in office buildings from the tenant 
perspective. 
 
The Importance of Productivity in the Workplace 
According to the Center for the Built Environment at UC Berkeley, over 90 percent 
of the total operating cost of commercial office buildings after debt service is paid is 
attributable to the cost of employee salaries.  The U.S. Census Bureau (2007) also reports 
that the payroll expenses in the service industry account for, on average, 50 percent of the 
gross income of the company.  In the same vein, Miller, Pogue, Gough, and Davis (2009) 
claim that the cost to provide healthier work environments is modest compared to its 
benefits (p. 87). 
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Kats (2003) analyzed employee costs for the state of California and found that they 
were 10 times larger than property expenses.  This analysis simply indicates that an 
increase in employee costs by one percent is equivalent to an increase in property costs of 
about 10 percent.  Applying this assumption to sustainable buildings, an improvement in 
employee productivity by one percent through sustainable building design and operation 
would be approximately comparable to reducing property costs by 10 percent.  This implies 
huge potential savings from modest improvements in productivity relative to rents or 
property costs. 
As shown in Table 4.1, labor costs are clearly the most significant cost item in 
typical office buildings (Mudarri, 2006).  In this example, a 30 percent saving in HVAC 
energy costs in energy-efficient buildings could reduce a building’s operating expenses up 
to $0.33 per square foot.  However, if sustainable building design and operation can 
increase employee productivity by 3 percent, this would provide a relatively huge fiscal 
benefit corresponding to roughly $4.50-6.00 per square foot. 
 
Table 4.01. Example of Typical Office Building Expenses 
Item $/square foot Example of an office building tenant 
Rent (annual) $ 10.00-50.00 $ 1,574,134 ($ 31.20 x 50,453 Sq. Ft.) 
Operating expenses 
- HVAC energy 
- HVAC 
maintenance 
- Cleaning 
 
$ 0.75-1.00 
$ 0.30-0.50 
$ 0.75-1.00 
 
$ 42,885 ($ 0.85 x 50,453 Sq. Ft) 
$ 20,181 ($ 0.40 x 50,453 Sq. Ft) 
$ 42,885 ($ 0.85 x 50,453 Sq. Ft) 
Employees $ 150.00-200.00 
$ 8,829,275 
($175.00 x 50,453 Sq. Ft.; 150 employees) 
Source: Mudarri, 2006 
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Difference in Productivity between Conventional and Green-designated Buildings 
As the importance of employee productivity has been recognized by public and 
private organizations, a growing number of studies have examined the relationship between 
sustainable building design and productivity (Kats, 2003).  Miller, et al. (2009) surveyed 
more than 500 office building tenants who had moved from non-LEED-certified buildings 
into LEED-certified buildings.  The survey measured the tenant’s “self-reported” 
productivity change between conventional and LEED-designated office buildings.  The 
results show that 54.5 percent of the total respondents agree or strongly agree that they 
became more productive after moving to green buildings.  In addition, the same survey 
reveals that 45 percent of the total participants reported fewer sick days in the LEED 
buildings, compared to the non-LEED buildings.  The average of reported fewer sick days 
was 2.9 per year.  The Miller, et al. study explains that better light, ventilation, and less 
contaminated, cleaner air are the most positive factors that affect the reduced employee 
sick days.  All these building features are included in the LEED checklist (see Appendix 3 
for the complete LEED checklist). 
Singh, Syal, Grady, and Korkmaz (2010) conducted two case studies identifying 
the difference in employee satisfaction and productivity between conventional buildings 
and LEED-designated buildings (from Certified to Platinum-level) in Lansing, Michigan.  
The first case study was a pre-test survey and the second study was a post-test survey, 
creating a longitudinal case study tracking employees who moved from conventional to 
LEED-rated office buildings.  In accordance with the Miller, et al. (2009) study, the survey 
reveals significantly improved productivity in LEED buildings.  In the range between –10 
and 10, the mean value of self-reported productivity before the move was -0.80 but it was 
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increased to 2.18 afterward (a 15 percent increase).  The self-reported productivity measure 
included the occupant’s perceived absenteeism, work hours, and productivity improvement 
affected by asthma, respiratory allergies, depression, and stress. 
 
The Effect of Specific Building Features on Productivity 
Although the aforementioned literature measures the employee productivity change 
between conventional and green-certified office buildings, their analysis does not 
subdivide the effect of green-certified buildings on productivity. In other words, it is yet to 
be discovered which sustainable building features affect productivity. Therefore, this 
section reviews additional studies that focus on the effect of specific building features on 
productivity. 
Boyce, Hunter, and Howlett (2003) reveal the positive impact of daylight on 
workplace productivity and human health.  Through a comprehensive literature review, the 
authors describe how better access to sunlight affects employee working conditions, and 
thus increases productivity in offices, schools, hospitals, and retail stores.  In the reviewed 
studies, the increase in productivity was identified by several measures, such as the time 
taken to finish work tasks and the number of mistakes.  Furthermore, the Boyce, et al. 
(1997) study points out psychological evidence that exposure to bright daylight can 
enhance the performance of complex cognitive tasks in the workplace.  Arentdt (2010) 
reviews 189 relevent studies comparing productivity of day shift workers to that of night 
shift workers and concludes that night shift workers are significantly associated with 
increased accidents and errors in the workplace.  
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Wyon (2004) indicates that indoor air quality also significantly affects employee 
performance and productivity.  By conducting a series of laboratory simulation 
experiments, followed by field intervention to validate their findings, his study reveals that 
poor indoor air quality caused the participants to type more slowly, to make more typing 
errors, and to experience more headaches and irritation of the throat (p. 96).  By contrast, 
an increase of the ventilation rate resulted in better perceived indoor air quality and thus 
improved productivity (Seppänen, Fisk, & Lei, 2006a, p. 28).  Wyon explains that this is 
why common definitions of sustainable buildings emphasize the building’s operational 
strategies aimed at improving indoor air quality.  The most recent version of the LEED 
checklist (Version 4 for new construction and major renovation) includes several items that 
are related to the improvement of indoor air quality. 
Indoor temperature is another influential determinant of indoor environment and 
specifically affects the occupant’s thermal comfort. A study by Seppänen, Fisk, and Lei 
(2006b) focused on the effect of temperature on employee performance. Their quantitative 
analysis shows that the highest productivity is, on average, at a temperature between 21 
and 22 degrees Celsius (69.8 and 71.6 degrees Fahrenheit). Additionally, it reveals a 
decrease in productivity by 2 percent per 1 degree increase in temperature in the range of 
25-32 Celsius (77-89.6 Fahrenheit).   
A survey by Preller, et al. (1990) of large numbers of employees indicates that 
individual thermal control systems have a significantly positive effect on workplace health 
and productivity in terms of reduced sick days, in comparison with situations where 
employees have no option to control their own thermal environment. A similar study in 
UK office buildings by Raw, Roys, and Leaman (1990) also shows that self-reported 
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productivity is significantly greater in office buildings where individuals can control 
thermal conditions.3 
Another factor that affects employee productivity is the use of toxic cleaning 
chemicals.  Particularly, toxic chemicals are well-known for one of the major causes of 
Sick Building Syndrome (SBS).  According to the U.S. Environmental Protection Agency 
(EPA), SBS is a situation in which building occupants experience acute health problems 
that appear to be linked to time spent in a building.  The U.S. EPA reports that chemical 
cleaning materials may emit volatile organic compounds (VOCs) that may cause short- and 
long-term adverse health effects (U.S. EPA, 1991).  As a response to the negative effect of 
conventional cleaning products, President Clinton introduced the concept of green cleaning 
in the form of a 1993 executive order.  Since then, there has been increased attention to 
green cleaning that uses environmentally-friendly products and services that have a lesser 
or reduced impact on human health and the environment (Presidential Executive Order 
13514, 2009).   
New York was the first state to mandate green cleaning programs in the public 
sector.  Espinoza, Geiger, and Everson (2011) demonstrate that green cleaning programs 
offer various kinds of health and environmental benefits, resulting in decreased employee 
absenteeism and increased productivity (p. 8).  Furthermore, the same study finds that 
green cleaning products are generally cheaper than conventional products sold as aerosols 
or as a form of ready-to-use.  Miller, et al. (2009) show that Energy Star-certified office 
buildings have a much higher percentage of green cleaning practices, compared to non-
Energy Star buildings. 
                                                          
3 However, in older office buildings, individual thermal control features, such as operable 
windows, may reduce energy-efficiency. 
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Interaction with green or garden space, evidently, also provides employees with a 
variety of mental and physical benefits, such as stress reduction (Barton & Pineo, 2009).  
In the business environment, Barton and Pineo argue that green spaces improve 
productivity and morale (p. 3). A large number of studies also reveal that office workers 
with access to nature, even in the form of indoor plants, feel more relaxed overall. 
In terms of employee engagement, Irvine (2009) explains that highly interacting 
employees are twice as likely to be more productive and miss 20 percent fewer days of 
work. In addition, Towers Watson (2010) finds that a significant improvement in employee 
engagement increases average revenue by 95 million dollars for S&P (the Standard & 
Poor's) 500 companies.  However, although many studies find a positive impact of social 
interaction and engagement on work performance, this may depend on the type of industry.  
For instance, a closed office floor plan, where individual workers have separate offices 
allowing them a greater amount of privacy, compared to an open space plan, may be a 
better choice for certain companies. 
Finally, noise is one of the leading causes of employee distraction, resulting in 
reduced productivity (Ajala, 2012, p. 142). The initial literature on the effect of noise on 
productivity can be traced back to the 1960s when Carpenter (1962) conducted laboratory 
research on the negative effect of noise on employee performance in vigilance tasks. More 
recently, Mehta, Zhu, and Cheema (2012) examined the affect of ambient noise on 
employee performance, including creativity. Based on the results of five experiments, they 
demonstrate that a moderate (around 70 dB) level of ambient noise enhances performance 
on tasks that require higher creativity (p. 784). Table 4.2 summarizes the factors that could 
affect productivity in the workspace. 
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Table 4.2. Sustainable Building Features that Affect Employee Productivity 
Determinant 
Reference Literature 
Author (Year) 
Measure Methodology 
Hypothesized 
Direction of 
Effect on 
productivity 
Included in 
LEED 
Checklist 
Better Access to 
daylight 
Boyce, Hunter, and 
Howlett (2003) 
Time taken to finish work tasks 
and the number of mistakes 
Meta-analysis 
(Comprehensive literature 
review); some studies are 
based on lab experiments, 
while others are based on 
self-reported measures.  
+ 
Yes 
(Daylight) 
Improved Indoor 
Air Quality and  
Adequate 
Ventilation 
Wyon (2004); 
Seppänen, Fisk, & 
Lei (2006a) 
Typing speed and errors, 
experience of headaches and 
irritation of the throat 
Laboratory simulation 
experiments followed by 
field intervention 
+ 
Yes 
(Enhanced 
Indoor Air 
Quality 
Strategies) 
Individual Thermal 
Control 
Seppänen, Fisk, & 
Lei (2006b) 
Number of sick days, text 
processing, simple calculations, 
length of telephone customer 
service time, and total handling 
time per customer for call-center 
workers. 
Meta-analysis + 
Yes 
(Thermal 
Comfort) 
Green (non-toxic) 
Cleaning  
Espinoza, Geiger, 
and Everson (2011); 
Miller, et al. (2009) 
Self-reported productivity and 
sick time 
Survey (self-reported 
measures) 
+ 
Yes 
(Low-emitting 
Materials) 
Green Space or 
Open Space 
Adjacent to 
Buildings 
Barton & Pineo 
(2009) 
Psychological benefits such as 
morale 
Survey & Interview + 
Yes 
(Open Space) 
Social Interaction in 
Workplace 
Irvine (2009); 
Towers Watson 
(2010) 
Average annual revenue 
Statistical analysis using 
actual data of S&P 500 
companies 
+ / - Not included 
Ambient Noise 
Carpenter (1962);  
Mehta, Zhu, and 
Cheema (2012) 
Worker’s creativity performance 
was measured from several 
experiments (e.g. idea-generation 
task, making a list, and organizing 
the list) 
Experiments + / - 
Yes 
(Acoustic 
Performance) 
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Potential Contribution to the Literature 
Considering the literature summarized above, the magnitude of employee 
productivity gains from individual sustainable building features still remains uncertain 
because the accurate observation of productivity has many challenges (Fisk, 2000; 
Kemmila, 2003). Although many studies measure productivity through several types of 
office tasks, such as typing, arithmetical calculation, and length of telephone customer 
service time, it is quite difficult and sometimes impossible to measure employee 
productivity appropriately (Miller, et al., 2009, p. 66). In particular, it is more difficult to 
measure productivity gains in the knowledge-intensive industry, in which employee 
productivity cannot be measured with simple office tasks. Even if the organization’s 
productivity can be measured by other statistics, such as annual revenue of the company, a 
time lag may exist between workspace improvement and the financial outputs from the 
effort. 
In terms of research design, studies by Miller, et al. (2009) and Singh, et al. (2010) 
compared employee productivity between green-certified and non-certified buildings. 
These studies reveal the positive effect of green-certified buildings on employee 
productivity based on extensive nationwide employee surveys. Specifically, those surveys 
measured “self-reported” productivity changes, including the number of sick days, 
absenteeism rates, and working hours. However, the weakness of the analysis is that they 
do not identify the separate effect of individual sustainable building features, such as 
improved indoor air quality, adequate ventilation, and enhanced access to natural light. 
Even though a large number of separate studies have examined the specific determinants 
of productivity, there has been a lack of studies that incorporate the comprehensive list of 
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sustainable building features. The survey data set I will use for this essay covers all the 
building features mentioned in Table 4.2, and potentially allows for closer examination. 
As a response to the aforementioned limitations, this study suggests another 
approach to research on the relationship between sustainable building features and 
employee productivity.  The main idea is not to measure productivity itself, but to ask the 
office tenant whether a building’s design and operation would impact their productivity.  
If the tenant agrees with the assumption that the workspace environment would affect their 
productivity, then this study identifies specifically which sustainable building features 
significantly affect their perception.  By doing so, findings of this study would be used as 
corroborative evidence in determining the effect of individual building attributes on 
employee productivity, which was partially addressed by literature summarized above. 
In addition, I control additional factors that may affect employee productivity. 
Since the respondents of the survey are individual office tenants that cover various types 
of positions, such as office managers, general employees, and CEOs, the demographic of 
respondents (e.g. gender, age, and education) are controlled for this study. Furthermore, 
control factors include office characteristics (e.g. the type of industry and primary function 
of an office, square footage, and the number of employees) and regional characteristics 
(e.g. local weather, pollution, and the percentage of labor force). Figure 4.1 shows the 
conceptual framework of this study. 
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Figure 4.1. Conceptual Framework of Essay #2 
 
 
4.2. Research Questions and Hypotheses 
Considerable literature indicates the close relationship between building 
design/operation and employee productivity (e.g. Kats, 2003; Orlitsky, Schmidt, & Rynes, 
2003). In other words, workspace productivity can be influenced by various building 
features (Clements-Croome & Kaluarachi, 2000).  A growing body of research on work 
environment has shown that employees are satisfied with specific building features, such 
as access to natual light, adequate ventilation, and green (non-toxic) cleaning (Ajala, 2012).  
Based on this assumption, this study asks specifically which sustainable building features 
are significanlty associated with the tenant’s perception of the relationship between a 
building’s design and operation and workspace productivity.   
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As shown in Figure 4.4, this study also examines additional factors that may affect 
the tenant’s perception.  The additional factors are categorized into three groups: office 
characteristics, regional characteristics, and repondent characteristics.  Specifically, this 
study includes three aspects of regional characteristics: extreme weather, the number of 
clear days, and outdoor air quality.  I expect that tenants in a region where weather is 
extremely cold or hot are more likely to agree with the proposition that a building’s 
enviroment affects their productivity.  In the same context, this study also expects that 
negative regional consitions, such as bad outdoor air quality, may affect the tenant’s 
perception.  These hypotheses are based on an assumption that tenants located in a region 
with mild weather and clean air quality would be less senstive to the effect of a buildings’ 
enviroment on their work performance, compated to those who have worse weather and 
climate conditions.  I hypothesize the relationships as follows: 
 
HO: None of the sustainable building features would be significantly associated with the 
tenant’s perception of the effect of a building’s design and operation on productivity. 
HA-1: Access to daylight would be positively associated with the tenant’s perception of the 
effect of a building’s design and operation on productivity. 
HA-2: Adequate ventilation resulting in improved indoor air quality would be positively 
associated with the tenant’s perception of the effect of a building’s design and operation 
on productivity. 
HA-3: Comfortable thermal control would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity. 
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HA-4: Green (non-toxic) cleaning practice would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity. 
HA-5: Access to public transportation would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity. 
HA-6: Access to diverse local services would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity. 
HA-7: Finance, insurance, legal industries, and government organizations would be 
positively associated with the tenant’s perception of the effect of a building’s design and 
operation on productivity. 
HA-8: Size of office (either the number of employees or square footage) would be positively 
associated with the tenant’s perception of the effect of a building’s design and operation 
on productivity. 
HA-9: Extreme local weather (measured by the average temperature in January and July) 
would be positively associated with the tenant’s perception of the effect of a building’s 
design and operation on productivity. 
HA-10: The level of outside air pollution would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity. 
HA-11: Open or flex workspace floor plans would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity, compared to 
traditional floor plans. 
HA-12: Open or flex workspace floor plans would be positively associated with the tenant’s 
perception of the effect of a building’s design and operation on productivity, compared to 
traditional floor plans. 
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In order to test the hypotheses stated above, two sets of regression models are 
employed in this essay.  Both sets consist of two sub-models depending on the type of 
attribute measures: (1) the current presence of attributes, and (2) the future demand for 
attributes (measured by the tenant’s stated-willingness to pay for energy-efficient building 
features).  Although the tenant’s willingness to pay is used as a proxy for the future demand 
in this study, it should be noted that it cannot fully represent his or her future demand for 
that attribute. 
In the first set of models, logistic regression analysis estimates the association 
between a building’s attributes (measured by either the current presence or the tenant’s 
willingness to pay) and the tenant’s perception of the effect of a building’s design and 
operation on productivity.  
The second set of regression models are employed for multilevel logistic analysis.  
The data set used in this study includes regional-level variables, such as a metro-level air 
quality index.  In other words, the data is hierarchical, and individual tenants are clustered 
(or nested) within a higher level group, which is a metro area in this essay. This implies 
that tenants within the same metro area can be more similar to each other than tenants in 
different metro areas.  Therefore, the hierarchical characteristics of the data set can be 
controlled by multilevel analysis.  The details of the data set and statistical models are 
described in the following section. 
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4.3. Data and Model Specification 
Data 
Survey data used in this study was collected by a research team from Cleveland 
State University, Central Michigan University, and CB Richard Ellis (CBRE) in 2014. The 
research team surveyed 329 U.S. office buildings containing more than 3,000 tenants. 
Among the total number of tenants, 708 tenants (23%) completely responded to the online 
survey across the country. In the survey, the tenants were asked to provide their opinions 
on the relationship between building design/operation and productivity. The details and 
distribution of survey respondents were described in the previous chapter, and will not be 
repeated here. 
The questionnaire that is used in this study was administrated by Dave Pogue, 
Global Director of Corporate Sustainability at CB Richard Ellis, a U.S. based commercial 
real estate company. In order to examine the regional variation in the relationship between 
building features and productivity, the survey data is augmented by U.S. Census data sets 
including economic, industrial, and demographic information of the metro area in which a 
tenant is located. Figure 4.2 and 4.3 show preliminary outputs from the survey on which 
the analysis will be based (see Appendix 4 for all survey results). 
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Figure 4.2. Office Tenants’ Opinions on the Impact of Building Environments on 
Productivity 
 
Survey question: If my organization had more information on the effect of buildings on 
employee productivity, it would impact our decisions regarding real estate and space 
design. 
     N=708 
     Source: CSU, CMU, and CBRE Survey Data, 2014 
 
 
Figure 4.3. The Impact of Individual Building Features on Productivity: Access to 
Natural Light and Individual Thermal Control 
 
                    Access to Natural Light                                      Individual Thermal Control 
 
N=708 
Source: CSU, CMU, and CBRE Survey Data, 2014 
 
 
1%
4%
36%
44%
14%
Strongly disagree Disagree Neither agree nor
disagree
Agree Strongly agree
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Figure 4.2 reveals that about 58 percent (413 tenants) of respondents agree or 
strongly agree with the statement that if their organization had more information on the 
effect of building environments on employee productivity, it would impact their decisions 
in the workspace. The survey also asked tenants about the impact of individual sustainable 
building features on productivity. Figure 4.3 shows the two most positive features that 
affect employee productivity from a tenant standpoint: 43 percent of the total respondents 
answer that better access to natural light has a substantially positive impact on their work 
performance. In addition, 33 percent reveal that individualized thermal control systems 
would be a substantially positive factor of productivity.  
 
A Building’s Attributes 
Based on the literature review summarized above, this study focuses on six 
attributes that are generally considered to be potential factors that affect employee 
productivity in office buildings: access to natural light, improved indoor air quality and 
adequate ventilation, comfortable thermal control, green (non-toxic) cleaning, access to 
public transit (within 5 minutes walking distance), and proximity to local services and 
restaurants.  These six attributes are measured in two different ways: (1) the current 
presence of each attribute, and (2) the tenant’s stated-willingness to pay (WTP) for each 
attribute.  The first approach measures whether individual attributes are currently available 
in the tenant’s workplace, while the second approach measures if the tenant is willing to 
pay additional costs to have those attributes in his or her workplace. In other words, the 
second approach is designed to measure the tenant’s future demand for a building’s 
attributes that are considered to increase productivity. 
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Table 4.3. Descriptive Statistics of a Building’s Attributes 
Attribute Observation freq. Mean Min Max 
Presence: natural light 708 636 0.898 0 1 
Presence: Walking access to local services 708 595 0.840 0 1 
Presence: Public transportation 708 582 0.822 0 1 
Presence: temperature control 708 392 0.554 0 1 
Presence: Indoor air quality 708 343 0.484 0 1 
Presence: Green cleaning 708 136 0.192 0 1 
      
Attribute Observation Average WTP Std. Dev. Min Max 
WTP: Indoor air quality 708 1.20% 1.505 -2% 5% 
WTP: natural light 708 1.18% 1.568 -2% 5% 
WTP: temperature control 708 0.93% 1.425 -2% 5% 
WTP: Walking access to local services 708 0.79% 1.377 -2% 5% 
WTP: Public transportation 708 0.64% 1.228 -2% 5% 
WTP: Green cleaning 708 0.17% 0.765 -2% 5% 
Data Source: Survey from Robinson, Simons, Lee, and Kern (2016)  
 
When it comes to the correlation between each attribute, Table 4.4 shows the 
Pearson correlation coefficients of the six attributes described above. According to the 
general guidelines provided by Cohen (1988), when the absolute value of Pearson 
correlation coefficient is less than 0.3, it suggests that there is a small correlation between 
two variables. Based on this assumption, all six attributes show a small correlation between 
each other in terms of the current presence of attributes. 
On the other hand, the same variables show relatively strong correlations in terms 
of the stated-WTP for each attribute. But the strength of correlations is still moderate (less 
than 0.6). In order to test if the correlations significantly affect the parameter estimates in 
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the regression analysis below, this study also reports the variance inflation factors (VIF) as 
a multicollinearity diagnostic. 
 
Table 4.4. Pearson Correlation of Six Attributes 
(1) Presence of Each Attribute 
Attribute Daylight IAQ 
Green 
cleaning 
Temperature 
control 
Public 
transit 
Walking 
access to 
service 
Natural light 1      
IAQ 0.167** 1     
Green cleaning 0.093* 0.259** 1    
Temperature control 0.140** 0.245** 0.070 1   
Public transportation 0.063 0.126** 0.068 0.147** 1  
Walking access to 
service 
0.109** 0.068 -0.013 0.129** 
0.261*
* 
1 
(2) Willingness to Pay for Each Attribute 
 
Attribute Daylight IAQ 
Green 
cleaning 
Temperature 
Public 
transit 
Walking 
access to 
service 
Natural light 1      
IAQ 0.594** 1     
Green cleaning 0.311** 0.329** 1    
Temperature control 0.560** 0.594** 0.260** 1   
Public transportation 0.335** 0.280** 0.164** 0.249** 1  
Walking access to 
service 
0.506** 0.387** 0.153** 0.380** 
0.539*
* 
1 
* Correlation is significant at the 95% confidence level. 
** Correlation is significant at the 99% confidence level. 
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State- and Metro-level Characteristics 
In order to control for regional variation in the relationship between a building’s 
attributes and productivity, the survey data sets are augmented by a regional database, 
including air quality index and weather characteristics of the state or metro area in which 
a tenant is located.  The metro-level air quality information is provided by the U.S. EPA.  
The state-level weather characteristics are provided by USclimatedata.com. The analysis 
employs two types of state-level weather characteristics: one is the difference in average 
temperatures between July and January; and the other weather data is the average number 
of clear days in each state.  The temperature difference between July and January is used 
as a proxy for the extreme weather change in the same region.  The clear days are defined 
as the average number of days annually when clouds cover at most 30 percent of the sky 
during daylight hours. 
 
Table 4.5. Descriptive Statistics of Weather and Air Quality Variables 
(1) Summary of Descriptive Statistics 
Variable 
Observation 
(N) 
Mean 
Std. 
Dev. 
Min Max 
Days with good air quality* 708 158 83 25 310 
Number of clear days 708 123.76 37.84 58.00 193.00 
Temperature Difference (January and 
July) 
708 40.40 8.22 28.00 59.00 
* Based on the number of days in the year having the EPA’s Air Quality Index value of 0 through 
50. 
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(2) Descriptive Statistics by CBSA 
CBSA N 
Days with good 
air quality* 
Clear days 
Temperature 
Difference 
Seattle-Tacoma-Bellevue, WA 87 241 58 29 
Dallas-Fort Worth-Arlington, 
TX 85 194 135 34 
Phoenix-Mesa-Scottsdale, AZ 79 29 193 39 
Chicago-Naperville-Joliet, IL-
IN-WI 59 60 95 52 
Salt Lake City, UT 51 281 125 52 
Los Angeles-Long Beach-Santa 
Ana, CA 44 25 146 38 
San Diego-Carlsbad-San 
Marcos, CA 43 109 146 38 
Washington-Arlington-
Alexandria, DC-VA-MD-WV 42 208 100 43 
Houston-Sugar Land-Baytown, 
TX 41 159 135 34 
San Francisco-Oakland-
Fremont, CA 40 206 146 38 
Minneapolis-St. Paul-
Bloomington, MN-WI 37 219 95 59 
Atlanta-Sandy Springs-Marietta, 
GA 23 140 112 38 
Denver-Aurora, CO 22 165 136 45 
San Jose-Sunnyvale-Santa 
Clara, CA 15 269 146 38 
New York-Northern New 
Jersey-Long Island, NY-NJ-PA 13 141 63 46 
Sacramento--Arden-Arcade--
Roseville, CA 12 171 146 38 
Provo-Orem, UT 4 272 125 52 
Baltimore-Towson, MD 3 165 105 47 
Columbus, OH 2 227 72 49 
Orlando-Kissimmee, FL 2 312 101 28 
Stockton, CA 2 185 146 38 
Boulder, CO 1 308 136 45 
Fort Collins-Loveland, CO 1 271 136 45 
* Based on the number of days in the year having the EPA’s Air Quality Index value of 0 through 
50. 
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Model Specification 
As mentioned above, two sets of regression models are employed in this essay in 
order to identify the relationship between a building’s attributes and the tenant’s perception 
of the effect of workplace environments on productivity.  In the first set of models, logistic 
regression analysis estimates the association between a building’s attributes and the 
tenant’s perception, while the second set of regression models are employed for multilevel 
logistic analysis.  Both sets consist of two sub-models depending on the type of attribute 
measures: (1) the current presence of attributes, and (2) the future demand for attributes 
(measured by the tenant’s stated-WTP).  The logistic regression models are sometimes 
written in different forms, but this essay follows the general form below: 
 
 
(0-1) 
where, p̂ is the expected probability that the outcome is present; X1 through XP are 
distinct independent variables; and b0 through bP are the regression coefficients. The p̂ and 
X variables are listed as follows: 
p̂ is the expected probability that a tenant agrees with a proposition that a building’s 
environment substantially affects his or her productivity; 
X1 represents the current availability of access to natural light in the workplace or 
the tenant’s stated-WTP for that attribute; 
X2 represents the current availability of green cleaning products in the workplace 
or the tenant’s stated-WTP for that attribute; 
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X3 represents the current availability of indoor air quality that is better than average 
in the workplace or the tenant’s stated-WTP for that attribute; 
X4 represents the current availability of comfortable temperature control in the 
workplace or the tenant’s stated-WTP for that attribute; 
X5 represents the current availability of access to public transportation (within 5-
minute walking distance) or the tenant’s stated-WTP for that attribute; 
X6 represents the current availability of walking access to local services and 
restaurants or the tenant’s stated-WTP for that attribute; 
X7 represents the tenant’s characteristics, including gender, age, and position in the 
company; 
X8 represents the tenant company’s characteristics, including square feet, the type 
of industry, the number of employees, the current office space layout, the future plan of 
changing space layout to flexible or hybrid design, and the age of building; 
X9 represents the state- and metro-level characteristics, including the average 
temperature difference between January and July, the annual number of clear days, and the 
percentage of annual days with good air quality. 
 
In the hypotheses described above, the author posits that a building’s six attributes 
that have potential influence on employee productivity will be significantly associated with 
the tenant’s perception that a building’s environment substantially affects employee 
productivity. Therefore, a binary dependent variable indicates the probability that a tenant 
will agree with the proposition that a building’s environment would affect his work 
productivity.  By doing so, logistic regression models specified above estimate which 
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attributes significantly determine the tenant’s perception.  Additionally, the models 
stipulate and statistically control for a range of variables that may affect the tenant’s 
perception. 
 
4.4. Analysis and Results 
This section presents logistic regression outputs from four different models.  The 
first set of two regression outputs is based on normal logistic regression models, while the 
second set of two outputs is based on multilevel logistic regression models.  The multilevel 
analysis includes two levels: (1) tenants as the first level, and (2) metro areas as the second 
level.  The multilevel analysis is based on the assumption that tenants in the same metro 
area would have similar attitudes towards the relationship between a building’s attributes 
and productivity, compared to the other tenants in other metro areas.  
The normal logistic regression results are shown in Table 4.6 and 4.7, and the 
multilevel logistic regression outputs are shown in 4.8 and 4.9.  The value of Intra-Class 
Correlation (ICC) is reported to determine whether the multilevel analysis reveals 
significantly different outputs compared to the normal logistic analysis4. 
  
                                                          
4 Generally, when the value of ICC is close to zero, it represents that the observations 
within higher-level groups (metro areas) are no more similar than observations from 
different groups (other metro areas). Therefore, the lower ICC is indicative of less 
likelihood of clustering-effect in a data set. 
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Table 4.6. Logistic Regression Results with the Presence of Attributes as Independent 
Variables 
Variable 
Odds 
Ratio 
Std. 
Err. 
P>z 
95% Conf. 
Interval 
VIF 
Presence: daylight 1.407 0.391 0.220 0.816 2.426 1.09 
Presence: green cleaning 0.940 0.211 0.784 0.606 1.459 1.15 
Presence: indoor air quality 0.776 0.140 0.161 0.544 1.106 1.22 
Presence: public transportation 0.969 0.224 0.893 0.616 1.526 1.14 
Presence: temperature control 1.340* 0.237 0.098 0.947 1.896 1.17 
Presence: walking 1.183 0.284 0.484 0.739 1.893 1.15 
Female 0.958 0.189 0.827 0.651 1.410 1.21 
Age20s 1.318 0.494 0.461 0.632 2.748 1.61 
Age30s 1.305 0.402 0.388 0.714 2.385 1.98 
Age40s 1.016 0.281 0.954 0.591 1.749 2.32 
Age50s 0.888 0.240 0.662 0.523 1.510 2.43 
Leadership 1.039 0.237 0.867 0.664 1.625 1.23 
Ln sf 1.054 0.151 0.713 0.796 1.397 4.46 
Industry: finance and insurance 1.065 0.229 0.769 0.699 1.622 1.15 
Industry: legal 1.238 0.360 0.462 0.701 2.188 1.24 
Industry: government 2.207 1.205 0.147 0.757 6.433 1.06 
Industry: real estate 2.485** 0.896 0.012 1.226 5.040 1.13 
Industry: Information Tech 1.527 0.639 0.312 0.672 3.469 1.10 
Ln employees 1.173 0.148 0.208 0.915 1.502 4.53 
Triple bottom line: people 0.866* 0.067 0.064 0.744 1.008 1.04 
Layout tradition 1.074 0.218 0.724 0.722 1.598 1.33 
Layout flex 0.742 0.262 0.398 0.371 1.482 1.25 
Change to hybrid or flex 2.056** 0.625 0.018 1.133 3.731 1.05 
Ln bldg. age 0.873 0.108 0.272 0.684 1.113 1.09 
Ln temperature difference 1.113 0.433 0.784 0.519 2.384 1.06 
Ln clear days 1.033 0.289 0.908 0.597 1.787 1.42 
Air quality good days 0.819 0.348 0.638 0.356 1.885 1.41 
Constant 0.398 0.908 0.686 0.005 34.841 - 
Mean VIF: 1.56 
Pseudo R2: 0.05 
AIC: 1.370 
Dependent variable: if a tenant states that a building’s workspace environments affect his 
or her productivity, the dummy variable takes a value of one, otherwise it is zero. 
 
* Significant at a 90% confidence level. 
** Significant at a 95% confidence level.  
95 
 
As reported in Tables 4.8 and 4.9, the value of ICC is less than one percent in both 
the presence and willingness-to-pay model.  These values, representing the tenants’ 
responses to the relationship between a building’s attributes and employee productivity, 
are significantly different among tenants even in the same metro area.  It reveals tenants 
within the same metro area are no more similar than tenants from different metro areas, 
indicating that office building tenants’ opinions on the effect of workplace environments 
on productivity are not significantly affected by geographic characteristics, such as weather 
and outdoor air quality. 
With respect to AIC (Akaike Information Criterion), which can be used as a 
measure of the relative quality of statistical models, the normal logistic regression models 
show relatively lower values of AIC, indicating that normal models have smaller residual 
errors, compared to multilevel models.  Both diagnostics, ICC and AIC, allow the author 
to interpret that normal logistic regression models and provide more statistically accurate 
coefficients, given the current data set.  However, the Pseudo R2 values from the normal 
logistic models are 0.05 and 0.07, respectively, which is comparatively low.  Therefore, it 
should be noted that the overall explanatory power of logistic regression models employed 
in this essay is relatively weak.  With respect to the variance inflation factor (VIF), the 
highest VIF is 4.5, and the mean value of VIF is 1.6, which indicates that substantial 
multicollinearity issues (correlation between predictor variables) do not exist in this 
regression analysis. 
According to the normal logistic model outputs, no building attribute, except 
individual temperature control, is significantly associated with the tenant’s perception on 
the effect of a building’s environment on productivity in terms of the presence of 
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attributes.5 It shows that whether or not each attribute is currently available for the tenant’s 
workplace does not significantly affect their perception on the effect of a building’s 
environment on productivity. 
 However, when it comes to the tenant’s willingness-to-pay for each attribute, the 
analysis reveals that most of the attributes are significantly associated with the tenant’s 
perception.  The significantly associated attributes are better access to daylight, 
temperature control, green cleaning products, and improved indoor air quality. The more 
the tenant is willing to pay for these four attributes, the more they are likely to agree with 
the proposition that a building’s environment affects their productivity.  To put it another 
way, the result indicates that the tenant’s perception is more sensitively associated with 
their willingness-to-pay for attributes that have potential influence on their productivity, 
compared to the current availability of those attributes at the workplace. 
With respect to the tenant characteristics, the analysis reveals that there is no 
statistical difference in the respondent’s perception by gender, age, and position in 
company (i.e., no difference between general employees and leadership positions), given 
the current survey data. 
 
  
                                                          
5 The individual temperature control variable is statistically significant as well in the willingness to pay 
model (in Figure IV-7). However, the odd ratio of the attribute is less than one (0.84) in the WTP model, 
indicating that tenants who are willing to pay more for individual temperature control feature is 1.2 times 
less likely to agree with the proposition that a building’s environment affect their productivity. 
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Table 4.7. Logistic Regression Results with the Tenant’s Willingness-to-pay for 
Attributes as Independent Variables 
Variable 
Odds 
Ratio 
Std. 
Err. 
P>z 
95% Conf. 
Interval 
VIF 
WTP: daylight 1.217** 0.099 0.015 1.039 1.427 2.05 
WTP: temperature control 0.839** 0.070 0.034 0.713 0.987 1.75 
WTP: green cleaning 1.310* 0.191 0.064 0.985 1.743 1.17 
WTP: indoor air quality 1.240** 0.101 0.008 1.058 1.454 1.98 
WTP: public transportation 0.914 0.081 0.313 0.768 1.088 1.51 
WTP: walking 0.952 0.082 0.568 0.804 1.127 1.82 
Female 0.911 0.180 0.637 0.618 1.342 1.18 
Age20s 1.196 0.454 0.638 0.568 2.517 1.59 
Age30s 1.341 0.418 0.346 0.728 2.469 1.96 
Age40s 0.959 0.270 0.883 0.553 1.664 2.31 
Age50s 0.942 0.258 0.827 0.551 1.611 2.41 
Leadership 0.992 0.230 0.971 0.630 1.562 1.23 
Ln sf 1.036 0.151 0.810 0.779 1.377 4.41 
Industry: finance and 
insurance 1.107 0.241 0.640 0.723 1.696 1.15 
Industry: legal 1.245 0.364 0.454 0.702 2.208 1.21 
Industry: government 2.180 1.222 0.165 0.726 6.543 1.06 
Industry: real estate 2.481** 0.903 0.013 1.216 5.065 1.12 
Industry: Information Tech 1.385 0.585 0.440 0.605 3.169 1.09 
Ln employees 1.190 0.153 0.177 0.924 1.532 4.50 
Triple bottom line: people 0.880 0.069 0.105 0.754 1.027 1.04 
Layout tradition 1.030 0.213 0.886 0.687 1.543 1.33 
Layout flex 0.658 0.238 0.247 0.325 1.335 1.24 
Change to hybrid or flex 2.061** 0.635 0.019 1.127 3.771 1.06 
Ln bldg. age 0.863 0.108 0.241 0.676 1.103 1.08 
Ln temperature difference 1.050 0.415 0.902 0.484 2.278 1.06 
Ln clear days 1.036 0.297 0.902 0.590 1.818 1.43 
Air quality good days 0.813 0.349 0.630 0.351 1.886 1.40 
Constant 0.717 1.641 0.884 0.008 63.556 - 
Mean VIF: 1.67 
AIC: 1.335 
Pseudo R2: 0.07 
 
Dependent variable: if a tenant states that a building’s workspace environments affect his 
or her productivity, the dummy variable takes a value of one, otherwise it is zero. 
 
* Significant at a 90% confidence level. 
** Significant at a 95% confidence level. 
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Table 4.8. Multilevel Logistic Regression Results with the Presence of Attributes as 
Independent Variables 
Variable Odds Ratio Std. Err. P>z 95% Conf. Interval 
Presence: daylight 1.407 0.391 0.220 0.816 2.426 
Presence: green cleaning 0.940 0.211 0.784 0.606 1.459 
Presence: indoor air quality 0.776 0.140 0.161 0.544 1.106 
Presence: public transportation 0.969 0.224 0.893 0.616 1.526 
Presence: temperature control 1.340* 0.237 0.098 0.947 1.896 
Presence: walking 1.183 0.284 0.484 0.739 1.893 
Female 0.958 0.189 0.827 0.651 1.410 
Age20s 1.318 0.494 0.461 0.632 2.748 
Age30s 1.305 0.402 0.388 0.714 2.385 
Age40s 1.016 0.281 0.954 0.591 1.749 
Age50s 0.888 0.240 0.662 0.523 1.510 
Leadership 1.039 0.237 0.867 0.664 1.625 
Ln sf 1.054 0.151 0.713 0.796 1.397 
Industry: finance and insurance 1.065 0.229 0.769 0.699 1.622 
Industry: legal 1.238 0.360 0.462 0.701 2.188 
Industry: government 2.207 1.205 0.147 0.757 6.433 
Industry: real estate 2.485** 0.896 0.012 1.226 5.040 
Industry: Information Tech 1.527 0.639 0.312 0.672 3.469 
Ln employees 1.173 0.148 0.208 0.915 1.502 
Triple bottom line: people oriented 0.866* 0.067 0.064 0.744 1.008 
Layout tradition 1.074 0.218 0.724 0.722 1.598 
Layout flex 0.742 0.262 0.398 0.371 1.482 
Change to hybrid or flex 2.056* 0.625 0.018 1.133 3.731 
Ln bldg. age 0.873 0.108 0.272 0.684 1.113 
Ln temperature difference 1.113 0.433 0.784 0.519 2.384 
Ln clear days 1.033 0.289 0.908 0.597 1.787 
Air quality good days 0.819 0.348 0.638 0.356 1.885 
Constant 0.398 0.908 0.686 0.005 34.838 
AIC: 908.9 
ICC: 0.00 
 
Dependent variable: if a tenant states that a building’s workspace environments affect his 
or her productivity, the dummy variable takes a value of one, otherwise it is zero. 
 
* Significant at a 90% confidence level. 
** Significant at a 95% confidence level. 
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Table 4.9. Multilevel Logistic Regression Results with the Tenant’s Willingness-to-pay 
for Attributes as Independent Variables 
Variable Odds Ratio Std. Err. P>z 95% Conf. Interval 
WTP: day light 1.217* 0.099 0.015 1.039 1.427 
WTP: indoor air quality 1.240** 0.101 0.008 1.058 1.454 
WTP: green cleaning 1.310* 0.191 0.064 0.985 1.743 
WTP: temperature control 0.839* 0.070 0.034 0.713 0.987 
WTP: public transportation 0.914 0.081 0.313 0.768 1.088 
WTP: walking 0.952 0.082 0.568 0.804 1.127 
Female 0.911 0.180 0.637 0.618 1.342 
Age20s 1.196 0.454 0.638 0.568 2.517 
Age30s 1.341 0.418 0.346 0.728 2.469 
Age40s 0.959 0.270 0.883 0.553 1.664 
Age50s 0.942 0.258 0.827 0.551 1.611 
Leadership 0.992 0.230 0.971 0.630 1.562 
Ln sf 1.036 0.151 0.810 0.779 1.377 
Industry: finance and insurance 1.107 0.241 0.640 0.723 1.696 
Industry: legal 1.245 0.364 0.454 0.702 2.208 
Industry: government 2.180 1.222 0.165 0.726 6.543 
Industry: real estate 2.481** 0.903 0.013 1.216 5.065 
Industry: Information Tech 1.385 0.585 0.440 0.605 3.169 
Ln employees 1.190 0.153 0.177 0.924 1.532 
Triple bottom line: people oriented 0.880 0.069 0.105 0.754 1.027 
Layout tradition 1.030 0.213 0.886 0.687 1.543 
Layout flex 0.658 0.238 0.247 0.325 1.335 
Change to hybrid or flex 2.061* 0.635 0.019 1.127 3.771 
Ln bldg. age 0.863 0.108 0.241 0.676 1.103 
Ln temperature difference 1.050 0.415 0.902 0.484 2.278 
Ln clear days 1.036 0.297 0.902 0.590 1.818 
Air quality good days 0.813 0.349 0.630 0.351 1.886 
Constant 0.717 1.641 0.884 0.008 63.551 
AIC: 885.83 
ICC: 0.00 
 
Dependent variable: if a tenant states that a building’s workspace environments affect his 
or her productivity, the dummy variable takes a value of one, otherwise it is zero. 
 
* Significant at a 90% confidence level. 
** Significant at a 95% confidence level. 
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4.5. Conclusions 
Since the importance of employee productivity has been recognized by public and 
private organizations, a growing number of studies have examined the relationship between 
sustainable building design and productivity.  Recently, several survey studies have found 
that office building tenants became more productive after moving to green-certified 
buildings (e.g. Miller, et al., 2009; Singh, et al., 2010).  However, which sustainable 
building features significantly affect the tenant’s perception on the relationship between a 
building’ environment and productivity has yet to be explored in depth. 
In this context, the first part of this study asked the office building tenant whether 
or not building designs and operations would impact their productivity at the workplace.  
Then, the second part of this study employed logistic regression analysis to identify 
specifically which sustainable building features were significantly associated with the 
tenant’s perception.  Each model controlled a large range of tenant, building, and regional 
characteristics.  Furthermore, the normal logistic models were compared with multilevel 
logistic models at a metro level, to examine if tenants in the same metro area showed more 
similar responses than tenants in other metro areas. 
The findings indicate that 58 percent of tenant respondents recognize that a 
building’s environment influences their productivity.  When it comes to individual features, 
the analysis reveals that those who are willing to pay more for better access to daylight, 
improved indoor air quality, individual temperature control, and green (non-toxic) cleaning 
are more likely to agree with the proposition.  The result also implies that there is a potential 
demand for those attributes in the sustainable building market across the country, 
regardless of metro areas. 
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Table 4.10. Summary of Main Findings with Corresponding Hypotheses 
Variable 
(Hypothesized 
Direction) 
Model 1 
(Presence) 
Model 2 
(WTP) 
Model 3 
(Multilevel, 
Presence) 
Model 4  
(Multilevel, 
WTP) 
Main findings 
Access to daylight 
(+) 
N.S.1) Positive** N.S. Positive** The more the tenant is willing to pay for these four 
attributes, the more they are likely to agree with the 
proposition that a building’s environments affect 
their productivity.  
 
Whether each attribute is currently available for the 
tenant’s workplace does not significantly affect their 
perception on the effect of a building’s 
environments on productivity. 
Indoor air quality 
(+) 
N.S. Positive** N.S. Positive** 
Temperature 
control 
(+) 
Positive* Positive** Positive Positive** 
Green (non-toxic) 
cleaning 
(+) 
N.S. Positive** N.S. Positive* 
Public 
transportation 
(+) 
N.S. N.S. N.S. N.S. No significant association between the presence or 
WTP for these two attributes and the tenant’s 
perception on the effect of the workplace 
environments on productivity. 
Walking distance to 
local services 
(+) 
N.S. N.S. N.S. N.S. 
Change to hybrid or 
flex floorplan (+) 
Positive** Positive** Positive* Positive** 
When the tenant companies plan to change their 
workspace layout from traditional to hybrid or flex 
design, employees in those companies are more 
likely to agree with the relationship between work 
environments and productivity. 
Government tenant 
(+) 
Positive N.S. Positive N.S. The real estate industry and government tenants are 
more likely to perceive the effect of a building’s 
environments on productivity. 
Real Estate industry 
(+) 
Positive** Positive** Positive* Positive** 
Gender / Age / 
Position 
N.S. N.S. N.S. N.S. 
No statistical difference in the respondent’s 
perception by gender, age, and the position in 
company. 
1) N.S.: Not statistically significant. 
 
Dependent variable: if a tenant states that a building’s workspace environments affect his or her productivity, the dummy variable takes a 
value of one; otherwise, it is zero. 
* Significant at a 90% confidence level; ** Significant at a 95% confidence.
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With respect to the tenant company’s characteristics, such as the type of industries 
and workspace layouts, tenants in the real estate industry and government tenants are more 
likely to perceive the effect of a building’s environment on productivity, compared to 
tenants in other industries.  This result may imply a lack of information in other industry 
sectors on the importance of office building environments in improving employee 
productivity. 
When the tenant companies plan to change their workspace layout from traditional 
to hybrid or flex design, employees in those companies are more likely to agree with the 
relationship between work environments and productivity.  This result calls for follow-up 
studies on the relationship between various types of workspace layout and employee 
productivity. 
Finally, it should be noted that this study measured the employee’s stated 
productivity, not actual productivity changes caused by building features.  This analysis 
can be developed by applying the Ipsative assessment, which is a specific type of measure 
in which respondents compare two or more desirable options and pick the one that is most 
preferred. Furthermore, the regression models used in this study can be developed by 
running separate models for each building attribute. 
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CHAPTER V 
THE IMPACT OF SUSTAINABLE BUILDING PROJECTS 
ON REGIONAL GREEN ECONOMIES 
 
5.1. Background Literature Review 
As the world has become less rural and more urban, buildings have played an 
increasingly important role in human society, increasing their impact on the environment.  
U.S. buildings account for 41 percent of the total U.S. energy consumption, which is 44 
percent more than the energy consumption from the transportation sector, and 36 percent 
more than the industrial sector, while contributing 40 percent of the nation’s total carbon 
dioxide emissions (U.S. Department of Energy, 2012). 
In this context, there has been an effort to apply the concept of sustainability to the 
built environment.  Over the past decade, the sustainable, or green, building movement has 
gained substantial strength and momentum in global society.  A growing body of literature 
reveals the positive effects of sustainable buildings in terms of economic, environmental, 
and occupant benefits. Specifically, the economic benefits can be categorized into two 
aspects.  The first aspect is related to the sustainable property itself, while the second is 
related to the role of those buildings in regional economies. 
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When it comes to the economic benefit of sustainable building properties, a large 
number of studies find that buildings certified by green building assessment systems, such 
as Leadership in Energy and Environmental Design (LEED) and Energy Star, have 
property-value premiums of up to 26 percent, compared with non-certified buildings 
(Fuerst & McAllister, 2011).  Furthermore, a growing body of literature reveals the positive 
effect of green certifications on rents and occupancy rates (e.g. Wiley, et al., 2010).  In 
addition, several case studies show that the financial benefits offset the initial construction 
cost, which is generally higher than conventional building construction, due to relatively 
higher costs of green materials (Rehm and Ade, 2013). 
As already mentioned, the second aspect of economic benefits from sustainable 
buildings focuses on the role of the green building movement in regional economies.  As 
the green building movement has attracted worldwide attention during the past decade, a 
growing amount of literature has provided evidence of the relationship between the 
diffusion of green-certified buildings and regional economies.  These studies also can be 
categorized into two groups, in terms of the direction of the relationship.  First, several 
studies reveal that regional economic vitality positively affects the diffusion of green 
buildings in that region (Kok, McGraw, & Quigley, 2011; Fuerst, Kontokosta, & 
McAllister, 2011).  By contrast, some initial work indicates that the proliferation of green-
certified buildings promotes local economic growth by facilitating green-related industries 
(McKinsey & Company, 2009; Allen & Potiowsky, 2008). 
Most studies in the first group examine the impact of economic conditions on the 
diffusion of green-certified buildings at the metro level.  However, there has been a lack of 
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nationwide studies in the second group of literature because the current studies have been 
limited to identifying the impact of green buildings on economic growth in a specific region.  
I suppose that the main reason for the limitation of the second group of research is 
that there was not enough stock of green buildings in the metro areas to identify its impact 
on regional economies.  However, the current statistics on the diffusion of green buildings 
show that now is the appropriate time to fill the research gap.  In this context, the purpose 
of this study is to examine the role of green building construction on regional green 
economies at the MSA (Metropolitan Statistical Area) level throughout the United States.  
The next section provides the general context of sustainable building studies.  It is followed 
by the description on data sets and models used in this study.  The last two chapters consist 
of analysis and conclusions. 
 
Background and Literature Review 
In response to the increasing impact of the buildings on society, including 
environmental and economic impacts, the sustainable building practice has been widely 
adopted by both the public and private sectors over the past decade, worldwide. In the 
United States, the federal government and many state and local governments lead the 
movement by offering financial incentives for green building, by establishing mandatory 
green building standards, and by locating government offices in green-certified buildings, 
such as LEED and Energy Star-certified. 
At the federal level, President Obama announced the Better Buildings Initiative in 
2011 to make commercial and industrial buildings 20 percent more energy efficient over 
the next 10 years, as well as to accelerate private-sector investment in energy efficiency. 
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This initiative has encouraged state and local governments to adopt their own sustainable 
building policies, and resulted in the rapid diffusion of green-certified buildings in the 
country. 
Currently, more than 20 percent of U.S. cities with populations greater than 50,000 
have their own green building programs, such as financial incentives and grants, and 
approximately 55 million people live in cities with green building programs (American 
Institute of Architects, 2009). In a broader geographical context, twenty-four out of the 
twenty-five most populated U.S. metropolitan areas include cities with their own green 
building policies. The true number of green building-supportive communities continues to 
increase nationwide. 
In the private sector, a growing number of companies are motivated to relocate into 
green-certified buildings for many reasons, such as marketing and public relations 
opportunities, additional property premiums, lower carbon footprints, and increased 
employee productivity (Kaplow, 2009). 
The initiative of sustainable building movement has been driven by a wide variety 
of organizations around the world (Kebert, 2004). In the United States, the U.S. Green 
Building Council (USGBC) has played an important role in developing green building 
practices by promulgating LEED standards. LEED is a well-known building rating system 
that verifies environmental performance of new and existing commercial, industrial, 
institutional, and residential buildings. The LEED certification has also been expanded to 
evaluate the environmental performance of local development projects. The Energy Star 
certification program was established by the U.S. Environmental Protection Agency (EPA) 
in 1992 under the Clean Air Act. Compared with LEED, the Energy Star program is more 
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specialized, focused on assessing the energy-performance of buildings that are designed to 
achieve energy-efficiency. 
 
Relationship between Green Buildings and Regional Economies 
A report from McKinsey & Company (2009) reveals that improvements in energy 
efficiency for the residential and commercial real estate sector is expected to create 600,000 
to 900,000 stable and on-going green jobs in the country by 2020. Specifically, the report 
explains that sustainable building-related job growth can be driven in two ways: from the 
labor-intensive construction sectors, and from the implementation and enforcement of 
sustainable building standards and codes, such as LEED and Energy Star. As an example, 
General Electric hired an additional 150 employees for energy-efficient light bulb 
production in Ohio and Illinois in 2013 (McKinsey & Company, 2009). 
President Obama announced the Better Buildings Initiative in 2011 to make 
commercial and industrial buildings 20 percent more energy efficient, as well as to 
accelerate private-sector investment in the energy efficiency of buildings. The initiative is 
based on the Federal American Recovery and Reinvestment Act (ARRA), and suggests 
implementation of various policy tools, including tax incentives and grant programs. Burt, 
Duane, Waltner, and Zeidenberg (2011) estimate that the Better Buildings Initiative will 
create an additional 114,000 potential jobs in the commercial real estate sector. 
The energy-efficiency industry has rapidly become one of the major economic 
drivers in the United States, and this is supported by federal, state, and local policies. 
According to a report from the Lawrence Berkeley National Laboratory, employment in 
the energy efficiency sector will increase to three times its current size by 2030, when it 
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will reach 1.2 million employees (Goldman, 2010). It should be noted that building and 
construction-related workers currently account for about 70 percent of the total 
employment in the energy-efficiency sectors. In 2013, sustainable buildings supported 
about 8 million workers in various occupational areas, including construction, management, 
architecture, engineering, and finance. Booz Allen Hamilton (2009) estimated that 
sustainable construction added $554 billion to the U.S. National GDP in that same year. 
 
Diffusion of Green-certified Buildings: Commercial and Residential 
The number of commercial green-certified buildings has been rapidly increasing, 
even during periods of economic downturn (Eichholtz, Kok, & Quigley, 2010).  Schwartz 
(2010) reports that commercial green building market values are projected to increase by 
15.3 percent from $150 billion in 2014 to $173 billion in 2015; this would yield an annual 
growth rate of 19 percent.  Residential green building markets are also sharply expanding. 
According to a market report from the National Association of Home Builders (2014), 
green homes accounted for 23 percent of the overall residential construction market in 2013 
and are expected to grow to 30 percent of the market by 2016, from $34 billion in 2013 to 
$100.5 billion in 2016 (Figures 5.1, 5.2, and 5.3). 
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Figure 5.1. U.S. Total Green Building Market Value, 2010-2015 
 
Source: Schwartz (2010) 
 
Figure 5.2. U.S. Residential Green Building Market Value, 2005-2015 
 
Source: National Association of Home Builders (2014) 
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Figure 5.3. National Adoption of LEED and/or Energy Star Office Buildings, 2005-2013 
 
Source: CBRE (2014) 
 
Table 5.1. Top 10 U.S. Cities by the Percentage of Green-certified Office Space 
Rank City % of Green-certified Office Space 
1 Minneapolis 77.00% 
2 San Francisco 67.20% 
3 Chicago 62.10% 
4 Houston 54.80% 
5 Atlanta 54.10% 
6 Los Angeles 49.70% 
7 Denver 49.30% 
8 Seattle 46.60% 
9 Miami 46.00% 
10 Washington, D.C. 42.20% 
Source: CBRE (2014) 
 
Determinants of Sustainable Building Diffusion 
 Although a large number of green building studies have focused on the effect of 
green certifications on real estate prices or rental rate premiums, some initial work on the 
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determinants of green-certified building diffusion has also been published.  Simons, Choi, 
and Simons (2009) indicate that public policies are influential in facilitating green building 
practices, even though the sustainable building movement originally started with non-
government organizations like the U.S. Green Building Council.  Particularly, their study 
reveals that executive orders are a relatively fast tool for encouraging green principles at a 
local level (p. 153). 
 Kok, McGraw, and Quigley (2011) show that locations with lower unemployment 
rates, higher incomes and electricity prices, and solid real estate market conditions have 
been significantly associated with a large share of green-certified space in 48 U.S. metro 
areas over a period of 15 years.  Furthermore, Fuerst, Kontokosta, and McAllister (2011) 
identify a significant dependency of LEED certified space on the local property market, 
climate conditions, carbon dioxide emissions, and the economic vitality at the Core Based 
Statistical Area (CBSA) level.  In their study, the economic vitality is measured by 
employment growth and local education attainments. 
 
The Relationships between the Diffusion of Green Buildings and Regional Economic 
Growth 
The studies reviewed above (e.g. Kok, McGraw, & Quigley, 2011; Fuerst, 
Kontokosta, & McAllister, 2011) indicate that regional economic factors significantly 
affect the market penetration of green-certified buildings at the MSA-level analysis.  
However, there is a lack of studies that examine the reverse impact of green-certified 
buildings on regional economies, and this research topic requires further analysis on a 
national level. 
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Figure 5.4. Relationships between Sustainable Buildings and Regional Economic Growth 
 
* Drawn by author. 
 
Over the past decade, the sustainable building movement has changed the general 
trend in the building design and construction industry by transforming the built 
environment from an energy-intensive field to an energy-efficient field. In this context, the 
potential economic growth from sustainable building construction and neighborhood 
development has become increasingly apparent in major U.S. cities (American Institute of 
Architects, 2009, p. 7). 
Allen and Potiowsky (2008) examined the green building industry cluster in 
Portland, Oregon, using Michael Porter’s cluster theory. They surveyed and interviewed 
key informants of local green building-related industries in order to identify the green 
building industry cluster in the region, including both residential and commercial real estate, 
as well as new construction and rehabilitation. The results reveal that Portland has a robust 
and competitive green building cluster that is supported by local and export demands, 
strong institutions, qualified employees, and healthy supply chains (p. 303).  Their analysis 
estimates that the green building industry cluster added about $960 million to Portland’s 
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annual wages in 2006 (p. 313). This implies that the diffusion of green buildings provides 
potential opportunities for regional economic growth. 
 
5.2. Research Questions and Hypotheses 
As mentioned above, the influence of green buildings on regional economies still 
remains uncertain across the country. Therefore, this study questions whether there is a 
significant association between the diffusion of green-certified buildings and green 
industrial growth at the MSA level.  In terms of green-certified buildings, this study 
includes all types of real estate projects – commercial, residential, and industrial – as well 
as community development projects.  When it comes to regional economies, this study 
focuses on green economic sectors. One reason for focusing on green economic sectors is 
that I assume green construction would have little impact on overall economic sectors.  In 
addition, prior studies reveal the closely clustered link between green building-related 
industries and regional green industries (e.g. Berk & Associates, 2005; Allen & Potiowsky, 
2008).  Figure 5.5 shows the conceptual framework of this study. 
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Figure 5.5. Conceptual Framework 
 
 
As shown in Figure 5.5, I presume a positive influence of green construction on 
green economic sectors in terms of the number of green firms and jobs.  Specifically, this 
study proposes two hypotheses. The first hypothesis focuses on green industries only, while 
the second covers all industries. By doing so, this study tests the extent to which green 
construction impacts regional economies. If the diffusion of green buildings is positively 
and significantly associated with green economic growth, this may imply the possibility 
that green buildings can be used as an indicator of regional green economic growth.  Two 
research hypotheses are presented as follows: 
 
H1O: Holding all else constant, there is no significant association between the diffusion of 
LEED projects and regional green economic growth. 
H1A: Holding all else constant, there is a significant and positive association between the 
diffusion of LEED projects and regional green economic growth. 
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H2O: Holding all else constant, there is no significant association between the diffusion of 
LEED projects and regional economic growth in overall industries. 
H2A: Holding all else constant, there is a significant and positive association between the 
diffusion of LEED projects and regional economic growth in overall industries. 
 
In addition to the green construction factor, this study controls for a range of factors 
that would affect regional economic growth.  The expected directions of the impacts are 
presented in Table 5.2. 
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Table 5.2. Hypothetical Relationships between Control Factors and Regional Economies 
Category Factor 
Reference Literature 
Author (Year) 
Expected 
Direction of 
Effect 
Central 
Interest 
of Study 
LEED Projects 
Kok, McGraw, & Quigley 
(2011);  
Fuerst, Kontokosta, & 
McAllister (2011);  
Allen & Potiowsky (2008) 
+ 
Control 
Factors 
Gross Metro Product for 
MSAs 
Bowen, Park, & Elvery 
(2013) 
+ 
Human Capital (Education) 
Glaeser, et al. (1995); 
Florida, et al. (2008) 
+ 
Human Capital (Number of 
Patent) 
Bauer, et al., (2006) + 
Industrial Diversification 
Jackson (1984); 
Malizia & Ke (1993) 
Controversial 
Industrial Specialization Diamond & Simon (1990) Controversial 
Other Economic Variables 
(Unemployment Rates, 
Median Household Income, 
Population Density, etc.) 
General assumptions 
Unemployment 
Rates (-); 
Median 
Household 
Income (+); 
Population 
Density (+) 
Time difference between the 
adoption of 
policies/technologies and 
green economic growth (1- & 
2-year lag) 
Bowen, Park, & Elvery 
(2013) 
Keele & Kelly (2006) 
N/A 
 
5.3. Data and Model Specification 
Data 
The definition of green industries is taken from the Green Goods and Service (GGS) 
database provided by the Bureau of Labor Statistics (BLS).  The BLS database identifies 
102 industries at the four-digit NAICS code level as potential producers of green goods 
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and services that support sustainability, benefit the environment, or conserve natural 
resources.  More specifically, these industries are categorized into five groups: (1) energy 
from renewable sources, (2) energy efficiency, (3) pollution reduction and removal, 
greenhouse gas reduction, and recycling and reuse, (4) natural resource conservation, and 
(5) environmental compliance, education and training, and public awareness. Among the 
five groups of green industries, agriculture-related industries are excluded from this study 
(see Appendix 5 for the selected list of green-related industries).  This study uses 2013 
County Business Patterns data for the number of employees in the 102 green industries. 
The USGBC provides the entire list of green-certified buildings on its website.  
Specifically, both databases include the address, size, property type, level/score of 
certification, and certified year of each building.  The Geographical Information System 
(GIS) is used to aggregate the certified buildings by metro area.  As of February 2014, 
59,107 projects are registered on the LEED database and 29,028 projects (50%) are 
certified (from Certified – the lowest level – to Platinum – the highest level).  The Energy 
Star program certified 25,716 projects according to the same data.  On the whole, LEED 
certification is commonly used as a proxy for sustainable building construction in many 
studies (Davis, 2013).  
Human Capital has been identified as one of the most important driving forces of 
regional economic growth (Lucas, 1988; Rauch, 1993; Glaeser, et al., 1995; Florida, et al., 
2008).  Based on this assumption, I hypothesize that greater knowledge stock in a metro 
area would be positively associated with regional economy.  To measure the knowledge 
stock, I use U.S. Census education data, then compute the percentage of the population of 
those twenty-five years and older with at least a bachelor’s degree. 
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Table 5.3. Descriptive Statistics 
Variable Observation* Mean Std. Dev. Min Max 
Green Employees (%) 3510 0.17 0.07 0 0.41 
LEED space (Sq. Ft. per 
capita) 
3510 0.54 1.53 0 51.46 
Human capital (BA, %) 3470 0.27 0.08 0.10 0.62 
GMP (in thousands, per 
capita) 
3490 41.77 11.70 17.01 134.93 
Ind. Specialization (Index) 3507 0.32 0.07 0 0.57 
Ind. Diversification (HHI 
Index) 
3507 0.03 0.01 0 0.14 
* The maximum number of observation is 3510 (351 metro areas, 10 years). 
 
As shown in the descriptive statistics provided in Table 5.3, the unit of analysis is 
a metro area.  The total number of observation is 3510; the panel data in which the LEED 
space and economic performance of 351 metro area are observed across time between 2004 
and 2013 (10 years).  Panel data, also known as longitudinal time-series data) is a dataset 
in which the behavior of observations is observed across time.  The unit of observation is 
a metro in this essay.  Statistical models that incorporate all the variables mentioned above 
are specified in the next section. 
 
Model Specification 
 My model follows Solow’s (1956) regional economic growth theory.  According 
to his theory, the growth in a regional economy is determined by various growth inputs, 
such as labor, capital, and technology.  Many economic studies have developed the basic 
form of the growth model.  Most recently, Bowen, Park, and Elvery (2013) estimated the 
impact of state renewable energy policy on state green economies by using an extended 
form of the Solow model.  In their study, the growth in green economies is determined by 
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several broad categories of variables, such as economic development, public finance, and 
knowledge stock.  The same form of the statistical model was applied to a few more studies 
on regional economic growth (e.g. Bauer, Schweitzer, & Shane, 2006; Hanushek & Kimko, 
2000).   
 
Dependent Variables 
In this study, regional economies are operationalized by the number of employees 
in a metro area.  As mentioned, this study includes two separate dependent variables: 
economic growth in green industries (Model 1) and in overall industries (Model 2). 
 
Independent Variables 
 Green building Projects.  The primary independent variable of this study is LEED-
designated space (Sq.Ft.) per capita in metro areas.  All types of LEED projects, such as 
residential, commercial, industrial, and community development, are included in this study.  
Specifically, I aggregate all the LEED-designated space for each metro, then divide the 
space by the total population of that metro. 
Gross Metro Product (GMP). This study hypothesizes that metro areas with vibrant 
economies will have more businesses and employees.  Therefore, I expect, all else being 
equal, to find a positive association between GMP per capita and the number of employees 
in green industries (Model 1).  In Model 2, a positive association is expected to exist 
between GMP per capita and the number of employees in the overall industries. 
Human Capital has been identified as one of the most important driving forces of 
regional economic growth (Lucas, 1988; Rauch, 1993; Glaeser, et al., 1995; Florida, et al., 
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2008).  Based on this assumption, I hypothesize that a greater knowledge stock in a metro 
area will be positively associated with regional economy.  To measure the knowledge stock, 
I measure the percentage of the population of those 25 years and older with at least a 
bachelor’s degree (Florida, et al., 2008; Glaeser, et al., 1995). 
Industrial Diversification and Specialization.  There has been a long controversial 
argument between industrial diversification and specialization in terms of the impact made 
on regional economic growth.  Jackson (1984) and Malizia and Ke (1993) argue that a 
diverse regional economy is more likely to experience a stable employment growth rate, 
with the diversity acting to shield the regional economy from fluctuations in the market.  
On the other hand, Diamond and Simon (1990) argue that industrial specialization 
generates greater economic impacts to a regional economy than industrial diversification.  
In this context, this study includes the two variables in the model.   First, industrial 
specialization is measured as the employment share of the five largest industries (at the 
three-digit NAICS code level) in an MSA.  This measurement implies the level of 
concentration of employment within a few economic sectors.  Second, industrial 
diversification follows the structure of the Herfindahl-Herschman Index (HHI), which is 
commonly used as an indicator of industrial competition in a region.  I measure this variable 
as the sum of the squares of the employment share of each industry in an MSA.  The basic 
form of the formula is presented as follows: 
 
 
(0-1) 
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where si is the employment share of industry i, and N is the number of industries in a region. 
A small index indicates high competitiveness with no dominant industries, while a large 
index indicates high concentration.  
  
Based on the list of variables described above, I construct two models below in a 
reduced form: the first model focuses on the green-associated industries, while the second 
model covers all industries. 
 
(Reduced Model 1) 
Employment Share in Green-associated Industries (Green Jobs) (i, t) 
=   β0 + β1 Green-certified Space (i, t) + β2 GMP (i, t) + β3 Human Capital (i, t) 
+ β4 Diversification (i, t) + β5 Specialization (i, t) + ε (i, t) 
 
(Reduced Model 2) 
Employees in All Industry Sectors (i, t)  
=   β0 + β1Green-cerfitied Space (i, t) + β2 GMP (i, t) + β3 Human Capital (i, t)  
+ β4 Diversification (i, t) + β5 Specialization (i, t) + ε (i, t)  
 
where Employment Share in Green-associated Industries is the number of employees, 
normalized by total labor force in a metro area, in green-related industries as per 
Appendix 6. 
Employees in All Industry Sectors are the number of employees in each metro area, in all 
industries. 
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Green building projects are the LEED-designated space per capita in a metro area. 
GMP is gross metro product per capita. 
Human Capital is the percentage of the population 25 years and older with at least a 
bachelor’s degree in a metro area.   
Industrial Specialization is the employment share of the five largest industries (at the three-
digit NAICS code level) in a metro area. 
Industrial Diversification is the sum of the squares of the employment share of each 
industry in a metro area. 
i is a metro, t is a time (year), β0 is a constant; and  is the error term. 
 
With respect to statistical models, this study employs three types of regression 
models to analyze the panel dataset in which the LEED space and economic performance 
of 351 metro area are observed across time between 2004 and 2013.  First, a fixed-effects 
model is used in this study to control unexpected variation that may impact or bias the 
relationship between predictor and outcome variables, within each metro area.  In other 
words, a fixed-effects model is employed to remove the effect of time-invariant 
characteristics of each metro area, and thus to estimate the net effect of the predictor 
variables on the outcome variable (Torres-Reyna, 2007).  The basic structure of the fixed-
effects model is given as: 
 
Yit = β1Xit + αi + uit 
(0-2) 
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where Yit is the dependent variable (DV), Xit represents a set of independent variables 
(IVs), αi (i=1….n) is the unknown intercept for each metro, where i = metro and t = year.  
β1 is the coefficient for the independent variables (IVs), and uit is the error term. 
 Second, this study also runs a random-effects model using the same panel 
dataset.  Unlike a fixed-effects model, the variation across metro areas is assumed to be 
random and uncorrelated with independent variables included in the model.  Therefore, the 
most clear distinction between fixed and random-effects models is whether the unobserved 
effect embodies elements that are correlated with independent variables (Greene, 2008).6  
The basic structure of the random-effects model is given as: 
 
Yit = βXit + α + uit + εit 
(0-3) 
 
where Yit is the dependent variable (DV), Xit represents a set of independent variables 
(IVs), α is the constant, and β1 is the coefficient for IVs.  uit is the error term between 
metro areas and εit is the error term within a metro area. 
 Finally, after running both fixed and random-effect models, this study additionally 
performs a Hausman test (Hausman, 1978) to decide which model is more efficient and 
suitable for the panel dataset used in this study.  Statistical outputs are described in the next 
section. 
 
                                                          
6 Appendix 7 shows Moran’s I spatial-autocorrelation diagnostics. The output shows that per capita green-
certified space is slightly correlated to neighboring metro areas. It gives a rationale for running fixed and 
random-effects models to control the spatial correlation.  
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5.4. Analysis and Results 
As described above, the purpose of this study is to examine the impact of green 
construction projects on regional green economies at the Metropolitan Statistical Area 
(MSA) level in the United States. I hypothesize a positive influence by green construction 
projects on regional industries in terms of the number employees.  Specifically, the first 
analysis focuses on green industry sectors only, while the second covers all industries.  By 
doing so, this study tests the extent to which green construction impacts regional economies.  
Specifically, I anticipate that this analysis will show a higher parameter estimate for the 
impact of green construction on green industries than the impact on overall industries. 
Table 5.4 and Table 5.5 reports the statistical outputs from the green-associated 
industries only model, and the result of the Hausman test, respectively.  Table 5.6 and Table 
5.7 shows the statistical outputs from the all industries model, and the result of the 
Hausman test, respectively.  The output of residual analysis is shown in Appendix 8. 
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Table 5.4. Green-associated Industries Model 
 Fixed-effect GLS Random-effect ML Random-effect 
LEED space (Sq. Ft. per capita) 0.003*** 0.003*** 0.003*** 
Human capital (BA, %) 0.121** 0.153*** 0.153*** 
GMP (in thousands, per capita) 0.001*** 0.001*** 0.001*** 
Ind. Specialization (Index) 0.039 0.115** 0.103* 
Ind. Diversification (HHI Index) 3.782*** 3.135*** 3.240*** 
Constant -0.042** -0.071*** -0.069*** 
sigma_u   0.045*** 
Constant    
sigma_e   0.034*** 
Constant    
    
Prob. > F 0.000 0.000 0.000 
R-sq. 0.499 0.497 N/A 
df_residuals 3096   
BIC -13799.469 N/A -12389.748 
* p<0.05,   ** p<0.01,   *** p<0.001  
Dependent variable: % of employees (i.e. green jobs) in green-associated industries. 
 
Table 5.5. Hausman Test Outputs (Green Industries Only Model) 
    ---- Coefficients ----   
Variable 
(b) (B) (b-B) sqrt(diag(V_b-V_B)) 
Fixed Random_GLS Difference S.E. 
LEED space (Sq. Ft. per capita) 0.003 0.003 -0.000 . 
Human capital (BA, %) 0.121 0.153 -0.032 0.033 
GMP (in thousands, per capita) 0.001 0.001 -0.000 0.000 
Ind. Specialization (Index) 0.039 0.115 -0.076 0.013 
Ind. Diversification (HHI Index) 3.782 3.135 0.647 0.088 
 Null Hypothesis tested in this analysis: difference in coefficients not systematic. 
 Prob>chi2 = 0.000 
 
As shown in the output tables above, per capita LEED-designated space (Sq. Ft.) is 
positively and significantly associated with the percentage of green employees at a metro 
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level.  Although the impact of LEED projects on green industries is still small, the 
estimated impact is consistent with initial studies that argue the proliferation of green-
certified space promotes local economic growth by facilitating green-related industries 
(McKinsey & Company, 2009; Allen & Potiowsky, 2008).7 
 According to   
                                                          
7 Holding other factors constant, one unit increase in per capita LEED space increases the number of green 
jobs by 216 employees, on average, in each metro area. 
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Table 5.6 below, per capita LEED-designated space is also positively and significantly 
associated with the percentage of total labor force at a metro level.  However, the 
magnitude of the impact on all industries is smaller than that of the impact on green 
industries, which is a subset of all industries.  As mentioned, I compare the impact of green 
construction projects on green industries with the impact on all industries to tests the extent 
to which green construction impacts regional economies.  The outputs from each model 
indicate that the role of green construction in overall economic growth is minimal, although 
the relationship is still positive and significant at a 99% confidence level. 
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Table 5.6. All Industries Model 
 Fixed-effect GLS Random-effect ML Random-effect 
LEED space (Sq. Ft. per 
capita) 0.001** 0.001** 0.001**  
Human capital (BA, %) -0.160*** -0.024 -0.035 
GMP (in thousands, per capita) 0.003*** 0.003*** 0.003*** 
Ind. Specialization (Index) -0.083** -0.106*** -0.102*** 
Ind. Diversification (HHI 
Index) -0.521** -0.444* -0.461**  
constant 0.342*** 0.287*** 0.291*** 
sigma_u                      
constant   0.056*** 
sigma_e                      
constant   0.025*** 
    
Prob. > F 0.000 0.000 0.000 
R-sq. 0.371 0.446                    
df_residuals 3096                     
BIC -16032.057 . -14250.407 
* p<0.05,   ** p<0.01,   *** p<0.001  
Dependent variable: % of employees in each metro area (the number of employees / the total 
population). 
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Table 5.7. Hausman Test Outputs (All Industries Model) 
    ---- Coefficients ----   
Variable 
(b) (B) (b-B) sqrt(diag(V_b-V_B)) 
Fixed Random_GLS Difference S.E. 
LEED space (Sq. Ft. per capita) 0.001 0.001 0.000 . 
Human capital (BA, %) -0.160 -0.024 -0.136 0.019 
GMP (in thousands, per capita) 0.003 0.003 -0.001 0.000 
Ind. Specialization (Index) -0.083 -0.106 0.023 0.005 
Ind. Diversification (HHI Index) -0.521 -0.444 -0.076 0.033 
 Null Hypothesis tested in this analysis: difference in coefficients not systematic. 
 Prob>chi2 = 0.602 
 
The statistical association between control variables and the dependent variable – 
the percentage of green employees – is also consistent with literature (e.g. Glaeser, et al., 
1995; Florida, et al., 2008).  According to both fixed and random-effect models in Error! 
eference source not found., human capital, which is measured by the percentage of 
population age 25-64 with a bachelor's degree or above (degrees of at least four years), is 
significantly and positively associated with the employment share of green industries.  
However, the random-effects model in   
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Table 5.6 reveals that the impact of human capital on the total employment is not 
significant.  This result supports the idea that employees in the green-related industries 
have a relatively higher level of education than those in other industry sectors.  As 
specifically described in the next section on Hausman Tests, the diagnostic value reveals 
that random-effects models provide better goodness of fit for the all industries model. 
Another finding on the positive relationship between per capita Gross Metro 
Product (GMP) and the employment share of green industries is consistent with a previous 
study conducted Bowen, Park, and Elvery (2013).  In addition, this result supports the 
suggestion that robust regional economic performance significantly affect the green 
construction market (Kok, McGraw, & Quigley, 2011; Fuerst, Kontokosta, & McAllister, 
2011). 
With respect to industrial diversification and specialization and its impact on 
regional economic growth, both fixed and random-effects models indicate that industrial 
diversification positively affects the employment growth in green industries.  One of two 
possible reasons is that green industries producing green goods and services that support 
sustainability, benefit the environment, or conserve natural resources, are supported by 
diverse regional economies, instead of a small number of concentrated economic sectors 
represented by industrial specialization.  The second possible reason is that the diversity of 
industries acts to shield the regional economy from fluctuations in the green market 
(Jackson, 1984; Malizia & Ke, 1993).   
However, both industrial diversification and specialization variables show a 
negative and significant association with the number of per capita employees in all 
industries.  This output indicates that neither industrial diversification nor specialization 
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supports regional economies in terms of employment rates.  As reported by many other 
studies on this topic, there has been a long controversial argument on the impact of 
industrial diversification and/or specialization on regional economies (Jackson, 1984; 
Malizia & Ke, 1993; and Diamond & Simon, 1990).  The statistical results from this essay 
implies that the impact of these two factors should be identified by a case study, which is 
focusing on a specific region, as the industrial context and background varies by state and 
metro area. 
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Hausman Tests 
I ran the Hausman test to decide which type of model – fixed and random-effects – 
is more efficient and suitable for the panel data used in this study.  Specifically, the 
Hausman test examines the null hypothesis which states that the coefficients estimated by 
the random effects estimator are the same as the ones estimated by the consistent fixed 
effects estimator.  In the green industries model, the null hypothesis is rejected (Prob>chi2 
is smaller than .05), and it suggests using a fixed-effects models.  On the other hand, in the 
all industries model, the null hypothesis is not rejected ((Prob>chi2 is larger than .05), and 
the result suggests using a random-effect model because the random model produces more 
efficient and consistent coefficients.  Nevertheless, both fixed and random-effects models 
provide similar results when it comes to the impact of green construction projects on metro 
economies in terms of the number of green jobs. 
 
Autocorrelation 
This section describes how autocorrelation issues are addressed in this essay.  
Autocorrelation refers to the correlation of a time series with its own past and future values.  
In other words, the autocorrelation can be issued between two values of the same variable 
at times Xi and Xi + k.  When autocorrelation exists, estimated regression coefficients can 
be unbiased.  Therefore, it should be determined whether autocorrelation exists in the 
regression model used in this essay.  According to the output of autocorrelation analysis, 
shown in Appendix 9, I confirm that first order autocorrelation exists in the green industry 
model, while the all industry model does not have significant autocorrelation issues.  First 
order autocorrelation in the green industry model is addressed in this essay by employing 
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a first order autoregressive cross-sectional time-series regression model developed by 
Baltagi and Wu (1999).  Appendix 10 presents the statistical outputs from the 
autocorrelation-adjusted model, in which coefficients are highly consistent with the outputs 
from original models shown in Table 5.4.  
 
5.5. Conclusions 
As green construction has gained substantial strength and momentum in major 
metro areas in the U.S., a growing number of studies find that regional economic factors 
significantly affect the market penetration of green-certified buildings at MSA-level 
analysis (Kok, McGraw, & Quigley, 2011; Fuerst, Kontokosta, & McAllister, 2011).  
However, fewer case studies examine the reverse impact of green-certified buildings on 
regional economies, and the third essay of my dissertation starts from this research gap that 
requires further analysis at a metro level. 
Specifically, I examine the impact of green construction projects on the economic 
performance of metro areas in terms of the number of employees.  The panel data set used 
in this study tracks the LEED-designated space and employment over a decade, 2004-2013, 
in 351 metropolitan areas (i.e., the total number of observation is 3,510).  
The statistical results from the panel data regression analysis support the idea that 
the diffusion of green construction projects is positively related to a metro area’s economic 
performance.  However, the magnitude of the impact is minimal.  One possible reason for 
this result is that green-certified space is only counted as green construction in this study.  
As revealed by a recent study from Simons, Robinson, and Lee (2016), there are a 
substantial number of non-certified buildings that perform green practice better than lower 
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to medium scored LEED buildings.  This finding provides a rationale for future research 
incorporating those non-certified sustainable buildings that have various kinds of green 
attributes, such as energy-efficient lighting, heating and cooling systems. 
Another finding from this study confirms previous studies that found human capital, 
per capita Gross Metro Product, and industrial diversification are significant economic 
drivers in green industrial sectors, producing green goods and services that support 
sustainability, benefit the environment, or conserve natural resources. 
As to the limitations of this essay, the current analysis does not incorporate time 
lag variables between the diffusion of green-certified space and the number of employees 
in the green industry.  The first reason is that there are no theoretical supports for finding 
appropriate time lags between the two factors.  Second, the relationship between the 
diffusion of green buildings and green jobs raises the question of which comes first.  As 
shown in Appendix 11, this essay attempts to find an appropriate time lag.  However, those 
models with one, two, or three year time lags show parameter estimates that do not follow 
a consistent pattern.  In this regard, the limitation of the current study suggests that future 
research could further address the causality dilemma between the diffusion of green 
construction and regional green economies.   
Furthermore, future research can be developed by using alternative measure of 
economic outputs.  Although the number of employees is used as a dependent variable 
referring to the economic output of green building construction projects in this study, Gross 
Metro Product (GMP) may resonate better with industries of advanced technology, as the 
increasing number of employees does not directly mean the economic growth in those 
industrial sectors. 
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CHAPTER VI 
COMPREHENSIVE CONCLUSIONS 
 
The movement towards sustainable green building is gathering force in global 
society.  The proportion of green-certified office building space currently accounts for 
about 40 percent of the total office space in the United States (CBRE, 2014).  Sustainable 
building technologies are diffusing at an accelerated pace, and soon are expected to be the 
common rule in the construction industry rather than the exception (Kaplow, 2009).  
Although sustainable building studies are still in the preliminary stage, especially in the 
field of urban studies, the research has gradually expanded by linking the concept of 
sustainable building with environmental, economic, and social issues.  In this context, my 
dissertation addressed three research topics that needed to be explored in depth, and did so 
in three separate essays.  Figure 6.1 shows the big picture of my dissertation and the 
position of each essay in the picture. 
Specifically, each essay contributes to both the academic and practical fields of 
sustainable buildings by answering the three research questions below: 
(1) Will the tenant have a higher willingness to pay for energy-efficient 
building features under a Triple Net lease, in which the tenant pays all the energe
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expenses, based on the net amount of their consumption?  Does the tenant actually pay the 
rent premiums for those building features that are financially-beneficial to their energy 
costs? (Essay #1) 
(2) How does the office building tenant perceive the relationship between the 
physical workspace and productivity?  If the tenant agrees with the proposition 
that a building’s environments (e.g. design and operation) would affect their 
productivity, which sustainable building features significantly affect their 
perceptions? (Essay #2) 
(3) Is there a positive association between the diffusion of sustainable building 
projects and regional economic growth, particularly in the green-related 
industries? (Essay #3) 
 
Figure 6.1. The Big Picture of Three Dissertation Essays 
 
Note: three categories are not mutually exclusive. 
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The main findings from three essays are summarized in Table 6.1, with 
corresponding hypotheses.  The first essay of my dissertation discussed the effect of lease 
structure on the tenant’s willingness to pay for energy-efficient building features, and 
compared the tenant’s stated willingness to pay with the revealed rental value of those 
building features.  Specifically, this essay began with a research question that asked if 
office building tenants have a higher willingness to pay for energy-efficient building 
features under a Triple Net lease, in which the tenant pays all the energy expenses, based 
on the net amount of their consumptions.  Three financially-related building features were 
included in this study: (1) Energy-efficient heating and cooling systems, (2) Energy-
efficient lighting, and (3) Water conservation.  In addition, this study asked what kinds of 
tenant and regional characteristics influenced the tenant’s willingness to pay. 
According to the statistical outputs from various regression models, the effect of 
Triple Net lease on the tenant’s willingness to pay for energy-efficient building attributes 
was positive and statistically significant.  Specifically, the Triple Net tenants were 1.6 times 
more likely to have greater than, or equal to, the 2 percent willingness to pay than the Full 
Service Gross lease tenant group.  With respect to the association between lease structure 
and a base rent/sf, I was able to confirm the theory that tenants under a Triple Net lease 
pay a relatively lower base rent than those under a Full Service Gross lease. 
Recently, there has been a discussion regarding green leases that defines how to 
split costs and benefits associated with energy-efficient building features.  In this context, 
the findings from Essay #1 would be of interest to both office building tenants and real 
estate developers in terms of the effect of lease structure on their operating cost savings. 
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Table 6.1. Summary of Main Findings with Corresponding Hypotheses 
(Essay #1) The Stated and Revealed Value of Energy-Efficient Building Features: Focusing on Lease Structure 
Variable 
(Hypothesized 
Direction) 
Direction & 
Significance of 
Coefficient 
Main findings 
Summary of Willingness to Pay Models 
Triple Net Lease (+) Positive** 
NNN tenants are 1.6 times more likely to have greater than or equal to the 2% willingness to 
pay than the FSG tenant. 
Government Tenant 
(+) 
Positive* 
Government tenants are more likely to have greater willingness to pay for energy-efficient 
building features. 
Real Estate Tenant 
(+) 
Positive** 
Tenants in the real estate sector are more likely to have greater willingness to pay for energy-
efficient building features. 
Discuss 
Sustainability (+) 
Positive** 
When the tenant firm has recently discussed sustainability as a business agenda, those firms 
have shown a relatively higher willingness to pay for the energy efficiency of buildings, 
Summary of Rent Models 
Triple Net Lease (-) Negative** 
Tenants under a Triple Net lease pay a relatively lower base rent than tenants under a Full 
Service Gross lease. 
Heating Cooling x 
NNN** (+) 
Positive** 
Interaction terms between a NNN lease and each attribute indicate that the market value of 
energy-efficient heating and cooling, and lighting features are significantly and positively 
incorporated in the NNN lease tenant’s rents. 
Lighting x NNN**  
(+) 
Positive** 
Better Indoor Air 
Quality*** (+) 
Positive*** 
LEED Buildings**  
(+) 
Positive** 
Tenants in a LEED and/or Energy Star-designated building pay a relatively higher base rent 
compared to those tenants in a non-green-designated building. Dual Certification: 
LEED and ES**  (+) 
Positive** 
Dependent variable (willingness to pay models): a dichotomous variable that has a value of 1, indicating greater than 2% willingness to 
pay for energy-efficient building features, and a value of 0 indicating equal to, or less than 2% willingness to pay. 
Dependent variable (rent models): ln_rent per square foot. 
* Statistically significant at a 95% level; ** statistically significant at a 99% level.
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(Essay #2) The Relationship between Sustainable Building Features and Employee Productivity from the Tenant Perspective 
Variable 
(Hypothesized 
Direction) 
Model 1 
(Presence) 
Model 2 
(WTP) 
Model 3 
(Multilevel, 
Presence) 
Model 4  
(Multilevel, 
WTP) 
Main findings 
Access to daylight 
(+) 
N.S.1) Positive** N.S. Positive** 
The more the tenant is willing to pay for these 
four attributes, the more they are likely to 
agree with the proposition that a building’s 
environments affect their productivity.  
 
Whether each attribute is currently available 
for the tenant’s workplace does not 
significantly affect their perception on the 
effect of a building’s environments on 
productivity. 
Indoor air quality 
(+) 
N.S. Positive** N.S. Positive** 
Temperature control 
(+) 
Positive* Positive** Positive Positive** 
Green (non-toxic) 
cleaning 
(+) 
N.S. Positive** N.S. Positive* 
Public transportation 
(+) 
N.S. N.S. N.S. N.S. No significant association between the 
presence or WTP for these two attributes and 
the tenant’s perception on the effect of the 
workplace environments on productivity. 
Walking distance to 
local services 
(+) 
N.S. N.S. N.S. N.S. 
Change to hybrid or 
flex floorplan (+) 
Positive** Positive** Positive* Positive** 
When the tenant companies plan to change 
their workspace layout from traditional to 
hybrid or flex design, employees in those 
companies are more likely to agree with the 
relationship between work environments and 
productivity. 
Government tenant 
(+) 
Positive N.S. Positive N.S. The real estate industry and government 
tenants are more likely to perceive the effect 
of a building’s environments on productivity. 
Real Estate industry 
(+) 
Positive** Positive** Positive* Positive** 
Gender / Age / 
Position 
N.S. N.S. N.S. N.S. 
No statistical difference in the respondent’s 
perception by gender, age, and the position in 
company. 
1) N.S.: Not statistically significant. 
 
Dependent variable: if a tenant states that a building’s workspace environments affect his or her productivity, the dummy variable takes a 
value of one, otherwise it is zero. 
 
* Significant at a 90% confidence level; ** Significant at a 95% confidence level.
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(Essay #3) The Impact of Sustainable Building Projects on Regional Green Economies 
Variable (Hypothesized 
Direction) 
Green-associated 
Industries Model 
(Fixed-effects) 
All Industries 
Models 
Main findings 
LEED Projects (+) Positive*** Positive** 
Per capita LEED-designated space (Sq. Ft.) is positively and 
significantly associated with the percentage of green employees 
at a metro level; also positively and significantly associated 
with the percentage of total labor force at a metro level, but the 
magnitude of the impact is smaller than the impact on green 
industries.   
Human Capital 
(Education) (+) 
Positive**  Not significant 
Human capital is measured by the percentage of population age 
25-64 with a bachelor's degree or above. It is significantly and 
positively associated with the employment share of green 
industries.   
Gross Metro Product  (+) Positive*** Positive*** 
The positive association between per capita Gross Metro 
Product (GMP) and the employment share of green industries is 
consistent with previous studies. 
Industrial Diversification 
(direction is controversial) 
Positive*** Negative* 
Industrial diversification positively affects the employment 
growth in green industries.   
Industrial Specialization 
(direction is controversial) 
Not significant Negative*** 
Industrial specialization negatively affects the employment 
growth in overall industries.  
Dependent variable (green industries model): % of employees (i.e. green jobs) in green-associated industries. 
Dependent variable (all industries model): the number of employees per capita. 
* p<0.05,   ** p<0.01,   *** p<0.001
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As the importance of employee productivity has been recognized by public and 
private organizations, a growing number of studies have examined the relationship between 
a sustainable building’s workspace environments and productivity.  In this context, Essay 
#2 informs the business and architecture sectors about the tenant’s opinions on the 
increased employee productivity from sustainable building features.  The findings 
indicated that 58 percent of the tenant respondents stated that a building’s environments 
influence their productivity.  When it comes to individual features, the analysis revealed 
that those who were willing to pay more for better access to daylight, improved indoor air 
quality, individual temperature control, and green (non-toxic) cleaning, were more likely 
to agree with the proposition.  The statistical results from this essay also imply that there 
is a potential demand for those attributes in the sustainable building market across the 
country, regardless of region, gender, and employment level. 
When the tenant firms planned to change their workspace layout from traditional 
to hybrid or flex design, employees in those companies were more likely to agree with the 
relationship between workspace environments and productivity.  This result calls for 
follow-up studies on the relationship between various types of workspace layouts and 
employee productivity. 
As the green construction movement has gained substantial strength and 
momentum in major metro areas in the U.S., a growing number of studies find that regional 
economic factors significantly affect the market penetration of green-certified buildings 
(Kok, McGraw, & Quigley, 2011; Fuerst, Kontokosta, & McAllister, 2011).  However, 
fewer studies have examined the reverse impact of green-certified buildings on regional 
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economies.  Within this context, Essay #3 of my dissertation fills the research gap that 
requires further analysis at a metro level. 
The statistical results from the panel data regression analysis support my initial idea 
that the diffusion of green construction projects is positively associated with a metro area’s 
economic performance in terms of the number of green jobs; however, the magnitude of 
the impact is still minimal.  One possible reason for this result is that only green-certified 
space is counted as green construction in this study.  As revealed by a recent study from 
Simons, Robinson, and Lee (2016), there are a substantial number of non-certified 
buildings that perform green practice better than lower to medium scored LEED buildings.  
Therefore, this finding provides a rationale for future research that incorporates those non-
certified sustainable buildings that have various kinds of green attributes, such as energy-
efficient lighting and HVAC systems.  In spite of the limitation of the current study, Essay 
#3 provides policy decision makers in the field of regional sustainable development with 
implications for the impact of regional green building projects on their green economic 
growth.   
As the world has become less rural and increasingly urban, buildings have played 
an increasingly important role in human society.  In response to the huge impact of 
buildings on society, there has been an effort to apply the concept of sustainability to the 
built environment, which has resulted in the sustainable, or green, building movement.  
Although a growing body of literature has addressed various issues pertaining to green 
buildings, fewer studies have shed light on the role of green buildings in sustainable urban 
planning and development.  In this regard, my three essays address the topic of green 
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buildings within the urban studies context, by incorporating socio-economic, demographic, 
and political factors that affect green building practices. 
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Appendix 1. Definitions of Key Terms 
 
Several key terms are defined below and the definitions are used throughout the 
study.  Most definitions follow the American Institute of Architects’ (2009) definitions.  
However, the definitions of green buildings and sustainable buildings are defined by this 
study in order to clarify and operationalize the boundary of each term. 
Sustainability: The concept of meeting present needs without compromising the 
ability of future generations to meet their own needs. 
Sustainable Design: Design that seeks to avoid depletion of energy, water, and raw 
material resources; to prevent environmental degradation caused by facility and 
infrastructure development over their life cycle; and to create environments that are livable, 
comfortable, and safe, while promoting productivity. 
Green: A sub-set of sustainability, the focus of which is life-cycle environmental 
impacts of materials (e.g. buildings in this study). 
Green Building Program: A law or regulation that mandates or incentivizes the 
construction of green buildings within a community. It can focus on public, residential, 
and/or commercial buildings.
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Appendix 2. Survey Questions for Asking the Tenant Willingness to Pay for Energy-
efficient Building Features 
If you were comparing a building that has the feature listed below to a building that does 
not have the feature listed below, how much more, if any, do  you feel your company 
would pay for that attribute?(percentage of the total rental price) 
(Less than -1%, -1%, 0%, 1%, 2%, 3%, 4%, or More than 4%) 
 
 
Appendix 3. R Codes for Propensity Score Matching 
 install.packages("MatchIt") 
 library(MatchIT) 
 Result <- matchit(NNN ~ Employees + publicstock  +  sustainability + 
promote_sstblty +Ind_govern    + Ind_Finance + Ind_Legal+ Ind_RE, 
data = tsv.data, method = "nearest", ratio = 1) 
 m.data1 <- match.data(Result) 
 View(m.data1) 
 write.csv(m.data1, file = 
"C:/Users/2537858/Dropbox/0_Eunkyu/0_Dissertation/Essay 
1/wtpmodel/matcheddata.csv") 
 
  
 Question Willing to Pay (%) 
Q1 
Energy efficient system (Assume estimated annual 
building operation savings of 2.0% on your building 
costs) 
 
Q2 
Water conservation systems (Assume estimated annual 
building operation savings of 2.0% on your building 
costs) 
 
Q3 
Efficient lighting system (Assume estimated annual 
building operation savings of 2.0% on your building 
costs) 
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Appendix 4. LEED Checklist (Version 4 for New Construction and Major 
Renovation) 
Location and Transportation 16  Energy and Atmosphere 33 
Credit 
LEED for Neighborhood Development 
Location 
16 
 
Prere
q 
Fundamental 
Commissioning and 
Verification 
Require
d 
Credit Sensitive Land Protection 1 
 
Prere
q 
Minimum Energy 
Performance 
Require
d 
Credit High Priority Site 2 
 
Prere
q 
Building-Level Energy 
Metering 
Require
d 
Credit Surrounding Density and Diverse Uses 5 
 
Prere
q 
Fundamental Refrigerant 
Management 
Require
d 
Credit Access to Quality Transit 5  Credit Enhanced Commissioning 6 
Credit Bicycle Facilities 1 
 
Credit 
Optimize Energy 
Performance 
18 
Credit Reduced Parking Footprint 1  Credit Advanced Energy Metering 1 
Credit Green Vehicles 1  Credit Demand Response 2 
    
Credit 
Renewable Energy 
Production 
3 
Sustainable Sites 10  
Credit 
Enhanced Refrigerant 
Management 
1 
Prereq Construction Activity Pollution Prevention Required 
 
Credit 
Green Power and Carbon 
Offsets 
2 
Credit Site Assessment 1     
Credit 
Site Development - Protect or Restore 
Habitat 
2 
 
Indoor Environmental Quality 16 
Credit Open Space 1 
 
Prere
q 
Minimum Indoor Air Quality 
Performance 
Require
d 
Credit Rainwater Management 3 
 
Prere
q 
Environmental Tobacco 
Smoke Control 
Require
d 
Credit Heat Island Reduction 2 
 
Credit 
Enhanced Indoor Air Quality 
Strategies 
2 
Credit Light Pollution Reduction 1  Credit Low-Emitting Materials 3 
    
Credit 
Construction Indoor Air 
Quality Management Plan 
1 
Water Efficiency 11  
Credit 
Indoor Air Quality 
Assessment 
2 
Prereq Outdoor Water Use Reduction Required  Credit Thermal Comfort 1 
Prereq Indoor Water Use Reduction Required  Credit Interior Lighting 2 
Prereq Building-Level Water Metering Required  Credit Daylight 3 
Credit Outdoor Water Use Reduction 2  Credit Quality Views 1 
Credit Indoor Water Use Reduction 6  Credit Acoustic Performance 1 
Credit Cooling Tower Water Use 2     
Credit Water Metering 1  Innovation 6 
    Credit Innovation   5 
Materials and Resources 13  
Credit 
LEED Accredited 
Professional 
1 
Prereq Storage and Collection of Recyclables Required     
Prereq 
Construction and Demolition Waste 
Management Planning 
Required 
 Regional Priority 4 
Credit Building Life-Cycle Impact Reduction 5 
 
Credit 
Regional Priority: Specific 
Credit 
1 
Credit 
Building Product Disclosure and 
Optimization - Environmental Product  
Declarations 
2 
 
Credit 
Regional Priority: Specific 
Credit 
1 
Credit 
Building Product Disclosure and 
Optimization - Sourcing of Raw Materials 
2 
 
Credit 
Regional Priority: Specific 
Credit 
1 
Credit 
Building Product Disclosure and 
Optimization - Material Ingredients  
2 
 
Credit 
Regional Priority: Specific 
Credit 
1 
Credit 
Construction and Demolition Waste 
Management  
2 
 
   
     TOTALS 110 
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Appendix 5. The Impact of Individual Building Features on Productivity from the 
Tenant Perspective 
 
N=708, Source: CSU, CMU, and CBRE Survey Data, 2014 
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Appendix 6. Selected List of Green-related Industries (Energy-efficiency group 
only) 
NAICS 
Code Title Examples 
236115 New single-family general contractors LEED single family residences 
236116 New multifamily general contractors LEED apartment buildings 
236117 New housing for-sale builders LEED buildings sold to clients 
236210 Industrial building construction LEED-certified buildings 
236220 Commercial building construction LEED-certified buildings 
238111 
Residential poured foundation 
contractors 
Pouring LEED eligible foundations, 
pouring foundations for LEED 
construction projects 
238112 
Nonresidential poured foundation 
contractors 
Pouring LEED eligible foundations, 
pouring foundations for LEED 
construction projects 
238131 Residential framing contractors 
Construction of LEED- and Energy 
Star certified  buildings 
238132 Nonresidential framing contractors 
Construction of LEED- and Energy 
Star certified  buildings 
238141 Residential masonry contractors 
Construction of LEED-eligible 
buildings 
238142 Nonresidential masonry contractors 
Construction of LEED-eligible 
buildings 
238151 
Residential glass and glazing 
contractors 
Installation of Energy Star certified 
windows, LEED-eligible windows; 
installing windows on LEED 
construction project 
238152 
Nonresidential glass and glazing 
contractors 
Installation of Energy Star certified 
windows, LEED-eligible windows; 
installing windows on LEED 
construction project 
238161 Residential roofing contractors 
Installation of Energy Star certified  
roofs, LEED eligible roof, roof work 
on LEED project 
238162 Nonresidential roofing contractors 
Installation of Energy Star certified  
roofs, LEED eligible roof, roof work 
on LEED project 
238171 Residential siding contractors 
Installation of energy-efficient or 
LEED-eligible siding; installing 
siding on LEED project 
238172 Nonresidential siding contractors 
Installation of energy-efficient or 
LEED-eligible siding; installing 
siding on LEED project 
238191 Other residential exterior contractors 
Building of curtain walls to LEED 
standards 
238192 Other nonresidential exterior contractors 
Building of curtain walls to LEED 
standards 
238221 
Residential plumbing and HVAC 
contractors 
Installation of Energy Star HVAC 
systems 
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238222 
Nonresidential plumbing and HVAC 
contractors 
Installation of Energy Star HVAC 
systems 
NAICS 
Code Title Examples 
238291 Other residential equipment contractors 
Installation of revolving doors for 
LEED standards 
238292 
Other nonresidential equipment 
contractors 
Installation of revolving doors for 
LEED standards 
238311 Residential drywall contractors Installation of LEED-eligible drywall 
238312 Nonresidential drywall contractors Installation of LEED-eligible drywall 
238351 Residential finish carpentry contractors 
Installation of LEED-eligible 
windows 
238352 
Nonresidential finish carpentry 
contractors 
Installation of LEED-eligible 
windows 
238391 Other residential finishing contractors 
Installation of LEED-eligible weather 
stripping 
238392 
Other nonresidential finishing 
contractors 
Installation of LEED-eligible weather 
stripping 
314110 Carpet and rug mills LEED-eligible carpeting 
314120 Curtain and linen mills LEED certified curtains 
321114 Wood preservation LEED-eligible construction materials 
321219 
Reconstituted wood product 
manufacturing LEED-eligible construction materials 
321991 
Manufactured home, mobile home, 
manufacturing 
LEED-eligible, Energy Star 
prefabricated homes 
321992 
Prefabricated wood building 
manufacturing 
LEED-eligible, Energy Star 
prefabricated homes 
324122 
Asphalt shingle and coating materials 
mfg. LEED-eligible roofing asphalt 
326199 
All Other Plastics Product 
Manufacturing 
Plastics manufacturing for LEED or 
Watersense certified products 
327120 
Clay building material and refractories 
mfg. LEED eligible construction material 
327310 Cement manufacturing LEED-eligible cement 
327320 Ready-mix concrete manufacturing LEED-eligible concrete 
327331 Concrete block and brick manufacturing LEED-eligible concrete blocks 
327332 Concrete pipe manufacturing LEED-eligible concrete pipes 
327390 Other concrete product manufacturing LEED-eligible concrete roofing tile 
327410 Lime manufacturing LEED-eligible limestone 
327420 Gypsum product manufacturing LEED-eligible gypsum board 
327999 
Miscellaneous nonmetallic mineral 
products LEED-eligible dry mix concrete 
332312 
Fabricated structural metal 
manufacturing 
LEED-eligible concrete reinforcing 
bars 
332321 Metal window and door manufacturing 
LEED-eligible, Energy Star certified 
metal windows 
332996 Fabricated pipe and pipe fitting mfg. LEED-eligible pipes or pipe fittings 
333316 
Photographic and photocopying 
equipment mfg. 
Energy Star certified copying 
equipment 
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333413 
Air purification, fan and blower equip. 
mfg. 
LEED-eligible fans, Energy Star 
certified fans, or air purification 
equipment 
333415 AC, refrigeration, and forced air heating 
Energy Star certified AC units; heat 
pumps 
334111 Electronic computer manufacturing Energy Star certified computers 
334118 
Computer terminal and peripheral 
equip. mfg. Energy Star certified computers 
334210 Telephone apparatus manufacturing Energy Star certified telephones 
NAICS 
Code Title Examples 
334220 
Broadcast and wireless communications 
equip. Energy Star certified cable boxes 
334290 
Other communications equipment 
manufacturing Energy Star certified products 
334310 
Audio and video equipment 
manufacturing Energy Star certified products 
335110 
Electric lamp bulb and part 
manufacturing Energy Star certified light bulbs 
335121 Residential electric lighting fixture mfg. Energy Star certified light fixtures 
335122 
Nonresidential electric lighting fixture 
mfg. Energy Star certified light fixtures 
335129 Other lighting equipment manufacturing Energy Star certified light fixtures 
335210 
Small Electrical Appliance 
Manufacturing Energy Star certified appliances 
335221 
Household cooking appliance 
manufacturing Energy Star certified stoves 
335222 
Household refrigerator and home 
freezer mfg. Energy Star certified refrigerators 
335224 
Household laundry equipment 
manufacturing 
Energy Star certified laundry 
machines 
335228 
Other major household appliance 
manufacturing 
Energy Star certified hot water 
heaters 
335312 Motor and generator manufacturing Energy Star certified battery chargers 
335999 Miscellaneous electrical equipment mfg. Energy Star certified  battery chargers 
337920 Blind and shade manufacturing LEED-eligible window coverings 
541310 Architectural services 
LEED-specific architecture service, 
energy efficient architecture services 
541320 Landscape architectural services 
Energy efficient landscaping services, 
LEED acceptable landscaping 
services 
541330 Engineering services 
Engineering services for renewable 
energy projects, LEED projects, 
energy efficient projects 
811211 
Consumer electronics repair and 
maintenance 
Repair of Energy Star certified 
electronics 
811212 Computer and office machine repair 
Repair of Energy Star certified 
computers 
811213 Communication equipment repair 
Repair of Energy Star certified 
telephones 
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811219 Other electronic equipment repair 
Repair of Energy Star certified 
electronics 
811310 
Commercial machinery repair and 
maintenance 
Repair of Energy Star certified 
commercial equipment 
811412 Appliance repair and maintenance 
Repair of Energy Star certified 
appliances 
 
Note: NAICS codes are based on 2012 BLS definitions. 
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Appendix 7. Moran’s I Spatial-autocorrelation Diagnostics 
 
Moran’s I: 0.097 
P-value: 0.001 
 
 
Appendix 8. Residual Analysis Output 
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Appendix 9. Wooldridge Test for Autocorrelation in Panel Data 
Green Industry Model 
H0: no first-order autocorrelation 
F(1, 348) =  424.773 
Prob > F =   0.000 
All Industries Model 
H0: no first-order autocorrelation 
F(1, 348) =  0.138 
Prob > F =   0.710 
 
 
Appendix 10. Autocorrelation-adjusted Model Outputs 
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Appendix 11. Regression Outputs with Time-lag Variables (1, 2, or 3 year lag) 
 
[1 Year Time Lag] 
 
 
[2 Year Time Lag] 
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[3 Year Time Lag] 
 
 
